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CBAPHblE  KOHCTPyKUTIM 

MOflEnMPOBAHME  HAnP5l>KEHHO-flEOOPMMPy- 
EMOrO  C0CT05IHM?I  HPH  MSyMEHMlI  MVECTBU- 
TEHbHOCTM  K  TPElUMHOOBPASOBAHMtO  CBAP- 
HblX  COEflMHEHMf!  TPyBOnPOBOAOB  M3  CTAEM- 
JlM3MPOB^HOfi  HEP>KABEiOlAEM  CTABM.  B.  B. 
A/ia/tMHCKHi^,  B.  O.  Maxanes,  B.  fl.  MenanmoB  (Poc.  roc, 
Hayr.  Liaarp  «Hno  l4HMl1TMAUJ»i  r.  Mockbb,  P0).  Me>K- 
KpucTa/ijinTHoe  Koppo3MOHHoe  pacTpecKMBaHne  nofl  j 
HanpfDKeuMSM  (MKKPH)  csapHbix  yanoB  M3  cTa6MJiM3M- 
poBaHHoi^  Hep)KaBeK)U^eM  cTajin  — oTHocuTe/ibHo  HOBoe 
BBaenne,  o6Hapy)KeHHoe  na  Tpy6onpoBOflax  ajoMHbix 
0BeKTpocTaHUMM.  TaKoro  TMna  TpeLi;MHoo6pa30BanMe 
6bmo  BnepBbie  BbiasBeHo  b  PepMaHUM,  aarew  b  Poccmm, 
aTaKxe  HarpySonpoBOflaxTpeTbero  6B0Ka  MepHo6binb- 
CKOM  arOMHOM  CTaHUMM,  MSrOTODJieHHblX  M3  CTa6MnM3M- 
pOSaHHOM  TMTaHOBOW  CTajlM  ISCrIONi. 

□pnaHaHo,  HTo,  KpoMexMMMM  BOflbi,  Ha oponeccbi  MKKPH 
oxasbiBaei  b/imbhmg  m  cBapxa.  06cy>KqaioTcfl  pesy/ibrarbi 
MOfleaMpoBauMB  MeioflOM  xoHeHHbix  ajieweHTOs,  Bbinoji- 
HSHHoro  c  nejibto  onpsAe/ieHMH  xapataepHbix  oco6eHHOc- 
Teii  HanpBXceHHo-flectiopMMpoBaHHoro  coctobhmb,  bbis- 
BaHHoro  csapKoii,  xoTopoe  onpeAe/iasT  cKnoHHocTb  Me- 
ranm  cBapHoro  ysjia  k  MKKPH. 

npeACTafineHHbie  peayAbiaTbi  xacaioTCB  ceapHwx  cogam- 
HGHMM  Tpy6onpoBOAa  d  aaMKHyroM  amkag,  bhgiuhmm  am- 
aMGTp  KOTOporo  325  mm,  a  noMMHa/ibHaa  TOALUMHa  cxeuxM 
16  MM.  BblHM  MCCAGAOBaHbl  CBapHblG  KOAbUeBblG  COGAM- 
HGHMB  c  U-  M  r-oepasHofi  paapejiKOM.  t;-o6pa3Hyio  paa- 
ASAxy  noA  ymoM  20*  McnoAbaosaAM  HaaroMHbix  peaiaopax 
PBMK  B  6biRUjeM  CCCP.  T-oSpasHaA  pasABAxa  bbargtca 
npMMGpoM  TexHOAorMM  cBapxM  B  ysKMM  3a3op,  o6ecneMM- 
BatOlUGM  COKpaLUGHMe  oSbGMa  MGTaAAa  tusa.  MoAGAMpO- 
BaAMOb  BapMaHTbi  HanoxeHMA  caogb  c  AonoAKMxeAbHbiM 
nonepGMHbiM  KOAe6aHMeM  avam  (U-  m  T-o6pa3HaA  paspeAKa 
KpOMOK  CBapHbIX  ySAOE)  M  C  HaAOXGHMGM  BEAMKOB  {U-o6- 
pasHaa  pasAGAKa). 

MOAGAMpOBaHMG  HG  AaAO  B03M0XH0CTM  yCTaHOBMTb 
CyiAGCTBGHHOe  CHMXGHMG  OCTaTOHHbIX  paCTBrMBaiOIAMX 
HanpBXGHMM  Ha  DHyTpeHHeM  nOBGpXHOCTM  TpySbl  npM 
MCnoAbSOBaHMM  BapMaHTOB  C  He6oAbmMM  oSbeMOM 
HanAaBAGHHoro  MGiaAAa. 

MHOrMMM  MCCAGAOBaTGAAMM  OTMGHaAOCb  OTpMLIATGAbHOG 
BAMAHMG  njiaCTM'-IGCKOM  CTOMKOCTb  K  Kop- 

P03HM  ayCTGHMTHbIX  CTaAGlI.  B  npOUGCCG  CSapKM  OCHOB- 
HOM  MGTaAA,  npMAeraK3UJ,MM  K  AMHMM  riAaEAGHMA,  npeiGp- 
OGBaeT  nAaCTMHGCKMG  AecpOpMaUMM  —  MMeeT  mgcto  hg- 
MSOTGpMMHGCKaA  MaAOUMKAOSaA  yCTaAOCTb.  Mto  KacaGTCA 
MGTaAAa  BHyrpeHHGM  noBepxHocTM  csapHoro  ysAa  Tpy6bi, 
T03AGCb  npoMcxoAMT  HarpyxGHMG  nyTGM  npMpaiueHMA  pe- 
4)opMau,MM  pacTAXGHMA  Ha  cTapMM  Harpesa  MGTaAAa  (npM 
OCGBOil  pecpopMaUMM)  M  OXAa>KAeHMA  (npM  KOAbAGBOti  pe- 
(t)OpMaHMM).  iGMnGpaTypHO-AGCtlOpMaAMOHHblM  UMKA 
CBapKM  MOXGT  6blTb  annpOKCMMMpOBaH  HGM30TepMMH6C- 
KOli  UMKAMHGCXOM  Ae^OpMaUMGM  cpBMra.  CyMMMpOBaH- 
Hbie  npMpatpGHMA  AGCj^OpWaUMM  paCTAXGHMA  ABAAKDTCA 
KpMTGpMGM  DOBpGWGHMA  MGTaAAa  Ha  BHyTpeHHGM  nOBGp¬ 
XHOCTM  nop  BOapefiCTBMGM  pMKAMHGCKOrO  HarpyXGHMA. 
MopGAMpOBaHMG  npOUGCCa  nOBblUJGHMA  MGXaHMHGCKMX 
HanpAXGHMM  noxasbiBaeT,  atogtot  mgtoa  BwsbmaeT  o6- 
paaoBaHMG  cxwMaioinMx  HanpAxeuMti  b6ah3M  BHyipen- 
HGM  nOBepXHOCTM  TpySbl  M  MOXGT  paccwaTpMBaTbCA  xax 
yMGpeHnaA  o6pa6oTKa  oocag  ceapxM.  Hto  xacaeTCA 
CBapHbIX  ySAOB,  MMGIOIAMX  TpeiAMHbl  nOCAG  AAMTGAbHOM 
GKcnAyaTauMM,  to  Tpe6yeTCA  npoBepGHMG  paAbHGMUJMx 
MCOAGPOBaHMR  BBMpy  HGAHMMA  nAaCTMMGCKOrO  pGCpop-  i 
MMpOBaHMA  b6aM3M  BGpiilMHbl  TpGipMHbl  M  B03M0XH0CTM 
npepoTBpaiUGHMA  pacTArMsaioiAMX  nanpAxeHMJi. 


SIMULATION  OF  STRESS-STRAIN  STATE  IN  STUDY 
OF  SUSCEPTIBILITY  OF  WELDED  JOINTS  OF  STA¬ 
BILIZED  STAINLESS  STEEL  PIPEUNES  TO  CRAC¬ 
KING.  V.V.AIadinsky,  V.O.Makhanev,  V.LMelnikov  (Rus¬ 
sian  State  Research  Center  "NPO  TsNIITMASH”,  Mos- 
COVJ,  Russia).  Intercrystalline  stress  corrosion  cracking 
(ICSCC)  of  weldments  made  of  the  stabilized  stainless 
steel  is  a  relatively  new  phenomenon,  revealed  on  pipe¬ 
lines  of  the  nuclear  power  stations.  This  type  of  cracking 
was  first  revealed  in  Germany,  then  in  Russia  and  on  the 
pipelines  of  the  third  unit  of  the  Chernobyl  nuclearpower 
station.  These  pipelines  were  made  from  the  stabilized 
titanium  steel  ISCrIONi. 

It  is  shown  that,  except  the  water  chemistry,  the  welding 
also  influences  the  ICSCC  processes.  The  results  of  si¬ 
mulation,  using  the  method  of  finite  elements,  are  dis¬ 
cussed.  The  simulation  was  aimed  at  the  determination 
of  characteristic  features  of  stress-strain  state,  caused 
by  welding,  which  determines  the  susceptibility  of  the 
weldment  metal  to  ICSCC. 

The  presented  results  concern  the  welded  joints  of  the 
pipeline  in  a  closed  cycle,  whose  outside  diameter  is 
325  mm  and  a  wall  rated  thickness  is  16  mm.  Welded 
circumferential  joints  with  U-  and  T-shaped  grooving 
were  investigated.  U-shaped  groove  at  20  '  angle  was 
used  at  the  nuclear  reactors  RBMK  in  the  former  USSR. 
T-shaped  groove  is  an  example  of  the  narrow-gap  wel¬ 
ding  technology,  which  reduces  the  weld  metal  volume. 
Variants  of  layer  deposition  with  an  additional  transverse 
arc  oscillation  (U-shaped  and  T-shaped  grooves)  and 
with  a  deposition  of  beads  (U-shaped  groove)  were  si¬ 
mulated. 

Simulation  could  not  establish  a  noticeable  decrease  in 
residual  tensile  stresses  at  the  inner  pipe  surface  using 
variants  with  a  small  volume  of  the  deposited  metal. 
Many  researchers  noted  the  negative  effect  of  a  plastic 
deformation  on  the  corrosion  resistance  of  the  austenitic 
steels.  During  welding,  the  parent  metal  adjacent  to  the 
fusion  line,  undergoes  plastic  deformation,  i.e,  the  non- 
isothermal  low-cycle  fatigue  takes  place.  As  to  the  metal 
of  the  inner  surface  of  the  pipe  welded  joints,  then,  here, 
the  loading  occurs  by  increment  of  the  tensile  strain  at 
the  stage  of  metal  heating  (at  axial  strain)  and  cooling 
(at  circumferential  strain).  Temperature-deformational 
cycle  of  welding  can  be  approximated  by  a  non-isother- 
mal  cyclic  shear  strain .  The  summed  increments  of  ten¬ 
sile  strain  are  a  criterion  of  meta!  damage  on  the  inner 
surface  under  the  action  of  a  cyclic  loading. 

Simulation  of  process  of  improving  mechanical  stresses 
shows  that  this  method  causes  the  formation  of  comp¬ 
ressive  stresses  near  the  inner  surface  of  the  pipe  and 
can  be  considered  as  a  normal  postweld  treatment.  As 
to  the  weldments,  having  crack  after  a  long-term  service, 
then  the  further  study  is  required  due  to  a  presence  of 
a  plastic  strain  near  the  crack  tip  and  for  prevention  of 
tensile  stresses. 
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yCTPOliCTBO  An9  onPEflEHEHUfl  KOOPflMHAT 
AE0EKTOB  B  CBAPHbIX  COEAMHEHlUaX  nO  CMP- 
HAJIAM  AKVCTHHECKOti  SMUCCMII.  A.  M.  AnacoB 
(0njinafi  Tom.  nonmex.  yn-ra,  r.  lOpra,  P0).  Paspa- 
6oTaHbi  H  anpo6MpoBaHbi  Mejofl  m  ycrpoMCTBo  on- 
pefleAeHMB  KoopAHHar  Ae't’QKTOB  b  csapHbix  cosahkg- 
HMBX  no  CMPHaBaM  aKyCTM4eCKOil  3MMCCHH  (A3),  B03- 
HMKaKDLAMX  B  npopecce  aBTOMaTMHecKofi  aproHo-Ayro- 
Bofi  CBapKM  Hen/iaBBu^MMCB  3/ieKTpoAOM  KoabpeBbix 
UJBOB.  HOBOe  yCTpOMCTBO,  B  OT/IMMMe  OT  COSAaHHblX 

panee,  noaBOABex  McnonbsoBaTb  TonbKO  oamh  nbeaon- 
peofipaaoBaxeAb,  nponaeoAbHO  opneHTupoBaHHuii  ot- 
HOCMTeAbHO  CSapHOrO  IJJBa,  npMBGM  npMGM  Cuma/IOB 
A3  OCyiAeCTBABBTCB  CMHXpOHHO  C  nOBOpOTOM  csapoH- 

HoC^  roAOBKM  n  nocAeAytoipeM  nx  perncTpaAHen  na  ah- 
arpaMMe.  OnpeAeAenne  KOopAMHar  as'^'Sktob  (yroA 
noBopora)  nponsBOAMTCB  no  amviSy,  xcgctko  aaKperi- 
AGHHOMy  Ha  HHJIMHAPHMeCKMX  HSAeAHBX,  HyAGBaB  OT- 
MeiKa  KOToporo  coBwemeHa  c  tobkoii  HanaAa  ceapKH. 
yroA  noBopora  Bbi6npaeTCB  c  ywexoM  AnarpawMbi  cht- 
HaAOB  A3  M  AHarpaMMbi  yrAa  noBopora  csapoNHOH  ro- 
AOBKH.  OTMeneHa  BbicoxaB  AocTosepHocTb  onpeASAe- 
HHB  KOopAHHax  AecfieKXOB  npM  KOHxpone  npopecca 
CBapKH  UMAMHAPUHeCKHX  MSAeAHH. 

yCTPOftCTBO  AflSI  nPMEMA  CUrHA/lOB  AKyCTM- 
HECKOfi  3MMCCMM,  A.  M.  Anacos  (<t>anna/i  Tom.  no- 
jii/iTex.  yn-Ta,  r.  tOpra,  P0).  Pa3pa6oxaHo  m  anpo6n- 
poBaHoycxpoMCXBO  A)i^  npnewa  cMPHaAOB  aKycxiiHec- 
KOH  3MHCCHM  (A3),  B  KOXOpOM  MeXaHH3M  KpenAGHHB 
AaxHHKa  A3  K  noBepxHocxH  KOHxpoAHpyeMoro  msagahb 
BbinOAHeH  B  BMAB  BaKyyMHbIX  npHCOCOK,  mapHHpHO  co- 
eAHHSHHblX  Me>KAy  C060M  KOpOMbICAOM,  B03AGHCXBy- 
loiAMM  Hopes  peryABXop  ycMAWB  npHXHMa  na  AaTHHK. 
BaxyyMHhie  npncocKH  BbinoAHSHbi  b  bhag  cwAbcpoHOB, 
noAocxM  Koxopbix  noAcoeAHneHbi  k  BaKyyMHofi  MarHc- 
xpaAH.  PeryABXop  ycHAHB  npMXHMa  npeAcxasABex  co- 
6om  ynpyrMH  aAetvieHX  c  ripMxpenAeHHbiMH  k  HeMy  xeH- 
30pe3HCX0paMH  CO  CXOpOHbl  KOpOMbICAa,  a  C  APyrOH 
CTopoHbi,  — HepeaperyAHpyioLAHH  cxepxeHb,  B3anMO- 
AeticxByioiJuiMH  c  AaxH  hkom  A3.  TeHSopesHcxopbi  bkaio- 
HSHbi  B  3AeKxpoHHyio  cxeMy  ynpasAeHHB  aaicyyMHoro 
BBHXHAB  C  SAeKXpOMarHMXHbIM  PPHBOAOM,  yOXaHOB- 
AeHHbiM  B  BaKyyMHyio  warMcxpaAb. 

OSecneneHHe  saAaHHbix  ycHAHH  npHXHMa  AaxHHxa  A3  k 
noBepxHocxM  KOHxpoAwpyeMoro  hsasamb  b  lumpokom  hh- 
xepsaAe  aHaseHHw  cyiuecxBeHHo  pacaiMpBex  cpyHKpHo- 
HaAbHbie  B03MOXHOCXM  paspaSoxaHHoro  ycxpoHcxsa, 
n03BOABK3LUero  npOH3BOAHXb  HCnbIXaHHB  HSASAHH  M3 
cnnaBOB  nepHOM  m  pBexHOM  rpynnw,  axaioxe  HewexanAOB. 
3a  CHex  BBeASHMB  aBxoMaxMHecKoro  noAAepxaHMB  sa- 
AaHHoro  ycMAMB  npMXMwa  AaTHMKa  A3  k  MSAeAmo  b 
xeneHMe  Bcero  McnbixaHMB,  a  xaioxe  cbbashhb  k  mmhm- 
Mywy  MCxaxeHMB  cpopwbi  xohkom  cocxaBABtoiAeCi 
cxpyKxypbi  M  cneKxpaAbHOM  haoxhocxm  nepBMHHoro 
CMfHaAa  A3  na  rpaHMue  MSAeAMe-AaxsMK  sHaMMxeAbHo 
nosbioieHa  AocxoBepHocxb  peayAbxaxos  kohxpoab  no 
cpaBHeHMK)  c  cymecxeyioiUMMM  aHaAoxMHHbiMM  ycx- 
poMCXsaMM  aab  npMGMa  cMrHaAOB  A3. 

PACMETHOE  OnPEAEJlEHME  PECyPCA  nflTHMKO- 
Boro  y3/lA  BAPOHA,  BOCCTAHOB/lEHHOrO  HAH- 
ilABKOM.  H.  H.  BopoHi^H,  H.  H.  Boponan  (Toe.  ya-r 
nyrea  coo6ijj,eHHB,  r.MocKBa,  P0),  B.  T.  naanoB,  fl.  T . 
30poc  (Rh-t  MaiimHOBeaeam  PAH,  r.Mocxya,  P0). 
M3H0C  APTaAen  b  6oAbUJOH  cxeneHM  saBMCMX  ox  Maxe- 
pMaAOB,  M3  KOXOpbIX  MOrOXOBAGHbl  y3Abl  napbl  XpeHMB. 


DEVICE  FOR  DETERMINATION  OF  COORDINATES 
OF  DEFECTS  IN  WELDED  JOINTS  BY  THE  ACOUSTIC 
EMISSION  SIGNALS.  A.M.Apasov  (Branch  of  Tomsk 
Polytechnical  University,  Yurga,  Russia).  Method  and 
device  for  determination  of  coordinates  of  defects  in 
welded  joints  by  the  acoustic  emission  (AE)  signals,  oc¬ 
curring  during  the  process  of  the  automatic  argon-arc 
non-consumable  electrode  welding  of  circumferential 
welds  have  been  developed  and  tested.  The  new  device, 
unlike  those  designed  earlier,  makes  it  possible  to  use 
only  one  piezo-transducer,  arbitrarily  oriented  relative 
to  the  weld.  The  AE  signals  are  received  synchronously 
with  a  rotation  of  the  weld  head  and  their  subsequent 
recording  in  the  diagram.  The  determination  of  coordi¬ 
nates  of  defects  (angle  of  rotation)  is  made  according 
to  a  limb,  rigidly  fixed  on  the  cylindrical  workpieces.  Its 
zero  mark  is  coincided  with  a  point  of  the  welding  be¬ 
ginning.  The  angle  of  rotation  is  selected  taking  into 
account  the  diagram  of  AE  signals  and  the  diagram  of 
an  angle  of  the  welding  head  rotation.  A  high  truth  of 
!  determination  of  coordinates  of  defects  during  the  con¬ 
trol  of  the  process  of  welding  cylindrical  workpieces  is 
outlined. 

DEVICE  FOR  RECEIVING  THE  ACOUSTIC  EMISSION 
SIGNALS.  A.M.Apasov  (Branch  of  Tomsk  Polytechnical 
University,  Yurga,  Russia).  Device  for  receiving  the  sig¬ 
nals  of  the  acoustic  emission  has  been  designed  and 
tested.  In  this  device  the  mechanism  of  AE  transducer 
fastening  to  the  surface  of  the  workpiece  being  exami¬ 
ned  is  made  in  the  form  of  vacuum  suction  cups,  hinge- 
connected  between  themselves  with  a  rocker  acting  on 
the  transducer  via  a  regulator  of  a  pressing  force.  The 
vacuum  suction  cups  are  made  in  the  form  of  bellows, 
whose  cavities  are  connected  to  a  vacuum  line.  The 
regulator  of  the  pressing  force  is  an  elastic  element  with 
connected  fensoresistors  from  the  side  of  a  rocker,  and 
the  other  side  is  interacted  with  the  AE  transducer  via  a 
regulating  rod.  The  fensoresistors  are  connected  to  the 
I  electron  control  circuit  of  a  vacuum  valve  with  an  elec¬ 
tromagnetic  drive  mounted  into  the  vacuum  line. 

The  ensuring  of  preset  forces  of  the  AE  transducer  pres¬ 
sing  against  the  workpiece  surface  examined  within  the 
wide  interval  of  values  widens  significantly  the  functional 
capabilities  of  the  developed  device  which  makes  it  pos¬ 
sible  to  perform  tests  of  the  products  made  from  ferrous, 
non-ferrous  alloys,  as  well  as  from  non-metals. 

At  the  expense  of  using  automatic  maintenance  of  the 
preset  force  of  the  AE  transducer  pressing  against  the 
workpiece  during  the  whole  test,  and  also  by  reducing 
to  minimum  the  distortion  of  shape  of  a  fine  constituent 
of  the  structure  and  a  spectral  density  of  the  primary 
AE  signal  at  the  workpiece-transducer  boundary,  the 
truth  of  the  control  results  is  improved  significantly,  as 
compared  with  that  obtained  by  using  the  existing  similar 
devices  for  receiving  AE  signals. 


CALCULATED  DETERMINATION  OF  SERVICE  LIFE 
OF  A  RAILWAY  CAR  PIVOT  JUNCTION  REPAIRED  BY 
SURFACING.  N.N.  Voronin,  N.N.  Voronin  (State  Univer- 
situ  of  Raii  Roads,  Moscow,  Russia),  V.G.Pavlov, 
D.G.Efros  (Institute  of  Engineering  Sciences  of  RAS, 
Moscow,  Russia).  The  wear  of  parts  depends  greatly  on 
materials  from  which  the  pairs  of  friction  are  manufac- 
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flnsi  cepuMHoro  nuTHHKoeoro  yana  McnoiibsyioT  jinTbe 
m  CTa.nM  MapKM  1 5/).  a  A-nn  noAnfiTHMKa  —  cjaab  MapKM 
20/1.  Ma  onuTa  sKcnayaTaunn  cjieAyex,  hto  mshococ- 
TOMKOCTb  3TOM  napbl  TpnOoCOnpSDKeHUfl  HeBbICOKa. 
COBpeMeHHbieTeXHOBOrUM  BOCCTaHOB/ieHMB  MSHOlijeH- 
Hbix  noBepxHocTeii  nfiTHUKOBoroysAanpeAycMarpHBa- 
(OT  nx  nanBaBKy,  VcTaHOBBeHo,  4to  HeBbicoxaB  mbho- 
cocTOMKOCTb  nBTHMKOBoroysAa  MoxceiGbiTb  noBbimeHa 
b  peayjibTaTe  onruMaAbHoro  noASopa  MaiepManoE,  na- 
MBHeHUR  reoMetpuH  m  t.  n.,  BosMoxnbix  e.naroAapB 
McnoBb30BaHM(0  pacMeTHbix  MexoAoe.  HpM  paspaOoTKe 
pacBexHoro  MexoAa  onpeAeAenwa  mshocob  b  rexhi-iko- 
BOM  ys/ie  npouBseABHa  ero  cxeMaxusaAMB  m  cosAaHa 
pacHexHafi  cxewa,  MexoAa  pacnexa  nBHaujMBaHnq 
xpM6oconpfixeHMB  naxHUKOBoro  ysAa  6bma  ncnoBbBo- 
sana  xeopuB  MBnaDJUBaHna  iviaxepna/ioB,  ocHosaHHaB 
Ha  xeopexHMecKMX  m  sKcnepuMeHxa/ibHbix  HccAeAOBa- 
HUBX,  Koxopaa  nosBOBBex  noA^^spaxh  onxMMa/ibUbiM 
xpM6oxexHMHecKHPi  Maxepnan,  nporHoawpoBaxb  mbhoc 
xpyu^nxcB  conpBxeHHM  n  pecypcxpM6oconpBxeHHB  no 
KpnxepHto  npeAeAbHo  AonycxnMoro  MSHoca. 
ripn  paapaSoxKe  pacHexHoCi  moasbh  xpi'i6oconpB>Ke- 
HHB  nBXHMKOBoro  ysna  Ha  m3hoc  noBaraoH,  mxo  b  c/iyHae 
HanoxeHMB  oahoi^  Asxa/in  Ha  APyryra  m  npHxaxnH  hx 
CHJIOM  P  4)opMMpyexoB  naxHo  xoHxaiaa  HBouJAAbK)  Sg, 
Ha  KoxopoM  b  pesyBbxaxe  ashoxbub  xoHxaKXHoro  a^b- 
neHUB  Pa  M  npocKanbSbiBaHMfl  npH  cab  lire  oahoR  p,e- 
xaan  oxHocMxeBbHO  Apyroti  co  cKopocxbio  V masx  npo- 
Uecc  naHaLUHBaHHB. 

Oopwa  M  pasMepw  nnoiuaAKM  KOHxaxxa,  BMAsniopbi  m 
3HaHeHne  KOHxaxxHbix  AaB^eHHH  saBHCBx  ox  npOHHOC- 
XHbix  CBOMCXB  MaxGpnaBOB  xpM6oconpBxeHHB,  reo- 
MexpHM  noBepxHocxoM  b  o6BacxM  KOHxaicra  conparae- 
Mbix  ASTanoM.  Cxopooxb  npocKa/ibawaanHB  saBMCHX  ox 
reoMexpHM  xpyLUHXca  noBepxHocxefi,  hx  BsaMMHoro 
pacnoAoxenHB  m  yrAOBOM  cKopocxH  «  ABHxeHHB  Ae- 
xanefi  oxHOCHxe/ibHO  APyr  APyra,  Kouxaicxnoe  Aas/ie- 
Hue  M  cKopocxb  npocKanb3biBaHHB  MSMeHBioxcB  no 
nBoiASAxe  KOHxaxxa  m  noaxoMy  sasMcax  ox  KoopAMnax 
paccMaxpMBaeMoCi  Ha  noBepxHocxH  xoHxaKxa  xohkh  M. 
nocKOBbxy  cn.na  P  m  cKopocxb  ABHxeHHB  0,1  ASTaneH 
conpBxeHHB  Moryx  MaMenBXbcq  bo  bpgmghh  t,  xo  ne- 
peivieHHbiMH  BO  BpoMSHH  6yAyx  M  napaMexpbi  p(t,  M), 
S{t).  V{t,  M). 

npMwieHMxejibHo  K  nnxHHKOBOMy  ys/iy  6bi,no  npwHBxo  hh- 
xeHCMBHocxb  M3HaLUMBaHMfi  ASTaneH  xpuSoconpaxeHHB 
onpeAejiflXb  aaBHCMMocXbto,  ycxaHaB/iUBaKDinGM  CBB3b 
wexAV  /iHHePiHbfM  mshocom  MaxepMa/ia  m  p,nmo\^  nyxM 
xpsHHB,  na  KoxopoM  3X0X  H3HOC  npoHoxoAHX.  B  npopec- 
ce  3Kcn;iyaxaunn  n/iocKne  KOHxaxxHbie  nosepxHocxH 
nBXHMKa  M  noAHBXHHKa  BpatuaroxcB  oxnocHxe/ibHO  APyr 
Apyra,  npH  otom  nyxb  xpeHWB  dL  KaxAon  xomkh  noeep- 
XHocxH  aaBHCHX  ox  ee  VAaneHHB  r  ox  ocn  spatJueHMB  h 
oxyrAa  noBopoxa  nqxHHxa  oxHOCHxenbHO  noAnaxHHxa, 
MHoroicpaxHbie  SKcnepMMeHxa/ibHbie  ncc/ieAOBaHHB  no3- 
BonmiA  CBBsaxb  HHxencMBHOcxb  HSHaLUHBaHMB  MaxepHana 
AOXariH  B  XpM60COnpBXeHMH  C  KOHXaKXHUM  HOMMHa/IbHbIM 

AaenenMeM  cxenenHoPi  saancHMocxbio  e  bhab 


p(t,  M) 
ioj 


TAB  ('o  H  m  —  napaMexpbi  MSHOCOCXOi^XOCXH  MSHaLUH- 
BaeMoro  Maxapwana  (napawexp  /q  nonyHHB  HasBaHHB 
MOAV/l?!  M3HOCOCXOMKOCXH). 


WELDED  STRUCTURES 


tured.  Casting  of  15L  grade  steel  is  used  for  a  pivot  in 
a  serially  produced  pivot  junction,  while  steel  of  20L 
grade  is  used  for  a  trust  bearing.  It  follows  from  the 
service  experience  that  the  wear  resistance  of  this  fric- 
tionally  conjugated  pair  is  not  high.  The  existing  tech¬ 
nologies  of  restoration  of  the  worn-out  surfaces  of  the 
pivot  junction  envisage  their  surfacing.  It  is  established 
that  the  low  wear  resistance  of  the  pivot  junction  can  be 
increased  by  an  optimum  selection  of  materials,  change 
in  geometry,  etc.,  which  are  realizable  by  using  the  cal¬ 
culation  methods.  When  developing  the  calculation  met¬ 
hod  of  determination  of  wears  in  the  pivot  junction,  its 
schematic  presentation  is  made  and  the  calculation 
schemes  are  developed,  and  for  the  method  of  calcu¬ 
lation  of  wear  of  the  triconjugating  pivot  junction  the 
theory  of  wear  of  materials  was  used  which  is  based  on 
theoretical  and  experimental  investigations  which  makes 
it  possible  to  select  an  optimum  tribotechnical  material, 
to  predict  the  wear  of  frictional  conjugations  and  the 
service  life  of  the  triboconjugating  using  the  criterion  of 
limiting  admissible  wear. 

In  designing  of  a  calculation  model  of  triboconjugating 
of  the  pivot  junction  for  the  wear,  it  was  assumed  that 
when  one  part  is  imposed  on  another  one  and  clamped 
by  a  force  P  then  a  contact  spot  of  an  area  Sg  is  formed, 
at  which  the  process  of  wear  is  proceeding  as  a  result 
of  action  of  a  contact  pressure  Pa  and  slipping  at  the 
shear  of  one  part  relative  to  another  part  at  a  rate  V. 
Shape  and  sizes  of  the  contact  area,  kind  of  diagrams 
and  value  of  contact  pressures  depend  on  service  pro¬ 
perties  of  materials  of  a  triboconjugating,  geometry  of 
surfaces  in  the  vicinity  of  contact  of  mating  parts.  The 
slipping  rate  depends  on  the  geometry  of  friction  sur¬ 
faces,  their  mutual  location  and  angular  rate  w  of  parts 
movement  relative  each  other.  The  contact  pressure 
and  slipping  rate  are  changed  in  the  contact  area  and, 
therefore,  depend  on  coordinates  of  point  M  of  the  con¬ 
tact  surface.  As  the  force  P  and  rate  of  movement  «  of 
mating  parts  can  change  in  time  f,  then  the  parameters 
Pit,  M),  Sit),  Vit,  M)  will  also  change  in  time. 

As  applied  to  the  pivot  joint  it  was  assumed  to  determine 
the  intensity  of  wear  of  the  triboconjugating  parts  by  a 
relation  which  establishes  link  between  the  linear  wear 
of  material  and  the  length  of  a  friction  path  at  which  this 
wear  occurs.  During  service  the  flat  contact  surfaces  of 
the  pivot  junction  and  trust  bearing  are^mutually  rotated, 
Here,  the  path  of  friction  dL  of  each  point  of  the  surface 
depends  on  its  removal  r  from  the  rotation  axis  and  angle 
of  rotation  (pc  of  the  pivot  junction  relative  to  the  trust 
bearing. 

Numerous  experimental  investigations  made  it  possible 
to  associate  the  intensity  of  wear  in  the  part  material 
during  tribomating  with  a  contact  rated  pressure  by  the 
power  relationship  in  the  form 


Ij  (t,  M)  = 


pjt,  M) 
■'oi 


where  k  and  m  are  the  parameters  of  wear  resistance 
of  the  worn-out  material  {parameter  r'o  was  called  a  mo¬ 
dulus  of  wear  resistance). 

Both  these  parameters  depend  on  microgeometry  of 
contacting  surfaces,  strength,  fatigue  and  also  frictional 
characteristics  of  interacting  materials.  As  the  physioo- 
mechanical  properties  are  the  temperature-sensitive 
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CBAPHblE  KOHCTPymm _ 

06a  STM  napaMeipa  aaBucai  or  MMKporeoMeTpun  koh- 
TaKTupyiouiMX  noBepxHocTew,  npoMHOcTHux,  ycianoc- 
THblX,  a  TaXXCe  ({jpMKHMOHHblX  XapaKTepHCTMK  BSaHMO- 
fleMCTByiomMx  MarepnanoB.  nocKO/ibxy  4>B3HKo-Mexa- 

HMMBOKHe  CBOMCTSa  BB/IBKlTCBTeMnepaTypHO-ByBCTBM- 

TejlbHblMM  xapaKTepMCTMKaMM  waTepnajia,  to  m 
napaMerpbi  usHococTotiKocTU  (/o,  th)  Toxce  Ko/ie6jiK)TCB 
c  MSMeHeHMeM  TeMnepajypbi  Tpn6oconp9xeHBH.  Ta- 
KMM  o6pa30M,  MaTepnaJioBeflHecKUM  acnexr  bshococ- 
TOi^KOCTU  MOXeT  6blTb  yHTeH  B  HHTSHCHBHOCTM  M3Ha- 
luHBaHMB  eaaroflapa  napaMerpaw  MSHococTotiKocTU 
MatepMaaoB  TpM6oconpBxeHHB,  a  acnexTbi  KOHcrpyx- 

UMOHHOCi  M3HOCOCTOMKOCTM  —  MepeS  KOHTaKTHOe  flas- 
/leHne,  CKopocTb  npocxa/ibabiBaHUS  n  reoMeipmo  fle- 
TaaeM  conpRxennB. 

fljiB  pBAa  Marepna/ioB,  b  tom  BMcae  HanJiaBaaeMbix  na 
M3HoiuenHbie  noBcpxHOCTU  naTHMKOsoro  yaaa,  6bi/iM 
npoaeflenbi  MMcaeHHbio  MccaeflOBaHna  no  paspaSo- 
TaHHofi  nporpaMMG,  onpone/ifnoLnoM  ushoc  b  bbthuko- 
BOM  yaae  u  ero  pecypc  b  saancuMOCTP  ot  paa/iuBHbix 
(paxTopoB.  rioKaaaMO,  mto  noBepwHOCTU  npTHUKORoro 
yaaa,  Han/iaB/ieHUbienaHococTOMKHMMaTepnaBOM,  ot- 
BBBaioToB  6o/ibLUHM  pecypcoM,  no  cpanneHMK)  c  ce- 
pMMHblMH. 

VHMBEPCAJribHOE  VCTPOMCTBO  3J1EKTPOMAr- 
HMTHOrO  KOHTPO;ia  CBAPHblX  KOHCTPYKl^MM. 

A.  A.  PeCiaep  (RpmsoB.  roc.  rexH.  yn-T,  r.MapMyno/ib, 
yxpanHa).  OflHMM  M3  MeTOAOB  HepaapyiuaioiAero  koh- 
TpoJIB  M  AMamOCTHKM  qBBBeTCB  BBeKTpOMaTHMTHblM.  Ha 
ero  ocHOBe  Hawn  pa3pa6oTaHo  ynnBepca/ibnoe  b/ibk- 
TpoMarHMTHoe  AwarHOCTHMecKoe  ycTpoiicTBo  ySflV-l 
flBB  KOHTpOJlB  KaMGCTBa  M  AHaTHOCTHKM  MaUJMHOCTpO- 

MTeabUbix  MSAeanti  BjupoKoro  KJiacca,  b  tom  hmc/ig 
CSapHblX  KOHCTpyKUHii.  KOHCTpyXTMBHO  YSflY-l  COCTO- 
MT  M3  6/IOKOB  AaTHMKOB,  KOMMyTaHMM,  MSMOpeHMn  M 
ynpaBJieHMB,  perMCTpaAMM,  MHTepttjeMCHoro  SaoKa  m 
BbIHMCTIMTeAbHOM  MaLUMHbl, 

BjIOK  AaTMMKOB  COCTOMT  M3  MaTpMA  MHAYXTMBHblX  SAB- 
MGHTOB  M  reHepaTopa  MaruMTHoro  boab.  OTASAbHue 
KaTyiUKM  MaTpMU  MHAyXTMBHblX  3AeMeHT0B  riOCpBAC- 
TBOM  KOMMyTaTOpa  KaHaAOB  nOAXAKJMaKJTCB  K  6AOKy  M3- 
MepeHMB  M  ynpaBABHUB,  YnpaBAenMe  renepaTopoM 
MarHMTHoro  hoab  ocyiAecTBAaeTca  6aokom  msmspohma 
M  ynpaBAeHMB. 

Back  xoMMyTauMM  coctomt  M3  xoMMyTaTopa  xaHaAOB, 
ycMAMTeAB  CMruaAOH,  aMnAM'n'AHoro  AeTexTopa.  Kqm- 
MyTaTop  xaHaAOB  ynpasABeTCB  ot  6Aoxa  usMepeHMB  m 
ynpaBAGHMS,  a  cMrnaAbi  ot  aMriAMTyABoro  ASTexTopa 
MAyT  X  6AOKy  MSMepeiiMB  m  ynpaBABHHB, 

Baok  M3MepeHMB  M  ynpaBAeHMB  coctomt  M3  cy66noKOB, 
ocHOBHoe  nasHaMeHMe  xoTopbix  aaxAxmaeTcq  b  cABAy- 
KTiAOM,  Cy66AOKM  MHTerparopa,  ynpasAeuMB  MHTerpa- 
TOPOM,  ynpaBABHMB  CMCTeMOM  N9  1  M  AOCBTMMHOrO 
CMBTBMXa  COCTaBABtOT  MHTSrpMpyiOlAHM  aHaAOTO'UMCt)- 
poBOM  npGo6pa30BaTGAb  (AUri),  CAyxaiAMM  aab  npe- 
o6pa30BaHMB  M3MepBeMbix  sAexrpoABMxyiAMX  cma 
AaTMMXOD  B  LiMtJjpOByiO  (})OpMy.  Cy66AOK  MHAMXaUMM 
npeAnasHaMeH  aab  OTo6paxeHMfl  MBMepaeMOM  MHcfop- 
MaAMM  Ha  MHAUxaTope,  xoTopaB  moxbt  6biTb  BBeAena 
B  BbiHMCAHTBAbHyK)  MaujMHy  Mepe3  6aox  MHTeptJjeMca 
am6o  sanMcaHa  Ha  SyMaxnyio  Aewry  npM  oomoiam  Ai^(t>- 
porienaTaioiAero  ycTpoMCTea  LJ4  68000K, 

Cy66Aox  ynpaBABHMB  cMCTeMo(i  Ne  2  npeAHaanaHeH 
AAB  yripaBABHMB  xoMMyraTopoM  xanaAOR  6noKa  xom- 
MyTaAMM.  HsMepaeMbiM  xanaA  MHAYAnpyeTCB  cy66AO- 


characteristics  of  the  material,  then  the  parameters  of 
wear  resistance  {/oi  also  varied  with  a  change  in 

the  temperature  of  a  frictional  conjugation.  Thus,  the 
materials  science  aspect  of  the  wear  resistance  cart  be 
taking  into  account  in  the  wear  intensity  due  to  parame¬ 
ters  of  wear  resistance  of  materials  of  frictional  conju¬ 
gation  and  aspects  of  a  structural  wear  resistance  using 
a  contact  pressure,  rate  of  slipping  and  geometry  of 
conjugatiing  parts, 

For  some  materials  including  those  deposited  on  the 
worn-out  surfaces  ot  the  pivot  junction  the  numerical 
investigations  were  carried  out  according  to  the  deve¬ 
loped  program  which  determined  the  wear  in  the  pivot 
junction  and  its  service  life  depending  on  different  fac¬ 
tors.  It  is  shown  that  the  surfaces  of  the  pivot  junction 
deposited  with  the  wear-resistant  material  are  charac¬ 
terized  by  a  higher  service  life  as  compared  with  those 
produced  serially. 


I  VERSATILE  DEVICE  FOR  ELECTROMAGNETIC  CON¬ 
TROL  OF  WELDED  STRUCTURES.  A.A.Geizer  (Pria- 
zovsky  State  Technical  University,  Mariupoi,  Ukraine). 
The  electromagnetic  control  is  one  of  the  methods  of 
nondestructive  testing  (NDT)  and  diagnostics.  On  its 
basis,  we  have  developed  a  versatile  electromagnetic 
diagnostic  device  UEDU-1  for  the  guality  control  and 
diagnostics  ot  a  wide  class  ot  the  machine-building  pro¬ 
ducts,  including  welded  structures.  As  to  the  design,  the 
UEDU-1  device  consists  of  a  block  of  transducers,  oom- 
‘  mutation,  measurement  and  control,  a  recording  unit, 
an  interface  and  computer. 

The  block  of  transducers  consists  of  matrices  of  induc¬ 
tive  elements  and  a  generator  of  a  magnetic  field.  Se¬ 
parate  coils  of  matrices  of  inductive  elements  are  con¬ 
nected  to  the  block  of  measurement  and  control  via 
commutator  of  channels.  The  magnetic  field  generator 
is  controlled  by  a  block  of  measurement  and  control. 
The  commutation  block  consists  of  a  channels  commutator, 
an  amplifier  of  signals  and  an  amplitude  detector.  The  chan¬ 
nels  commutator  is  controlled  from  a  block  of  measurement 
and  control,  and  the  signals  from  the  amplitude  detector 
are  supplied  to  a  block  of  measurement  and  control. 

The  block  of  measurement  and  control  consists  of  a 
subblock,  whose  main  purpose  is  as  follows.  Subblocks 
of  an  integrator,  control  of  the  integrator  and  system 
No.1,  and  a  riecimai  counter  compose  an  integrating 
analog-to-digital  converter,  which  serves  for  converting 
!  the  measured  electromotive  forces  of  the  transducers 
into  a  digital  form.  A  subblock  of  indication  serves  tor 
display  of  the  measured  information  on  the  indicator, 
which  can  be  set  into  the  computer  via  an  interface  block 
'  or  written  on  a  paper  tape  with  the  help  of  a  digital-prin¬ 
ting  device  ShCh  68000K. 

A  subblock  of  control  ot  the  system  No. 2  is  designed 
for  the  control  of  a  commutator  of  channels  of  the  com¬ 
mutation  block.  The  channel  being  measured  is  induced 
by  a  subblock  of  indication.  The  subblock  for  a  generator 
control  serves  for  generation  of  controlling  pulses  of  a 
I  magnetic  field  generator.  For  the  same  purpose  a  sub- 
I  block  of  a  source  of  synchronizing  pulses  is  used. 
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KOM  MHAHKauMM,  Cy66AOK  ynpaBncHMA  reHeparopoM 
cjiyxMT  AAn  Bbipa6oTKM  ynpaenqioLUMX  UMinyribcos  re- 
HepaTopa  MarHiiTnoro  noAB,  flrisi  3tom  kg  pe/in  npn- 
MeHAeTCB  Cy66nOK  MCTOMHUKa  CMHXpOHMSlipyraiUMX 
MMnyAbOOB, 

HcnoAb30BaHne  nHierpupyramero  AUn  nosBo/iaeT 
3Ha'-mTenbHO  noBbici/!Tb  6bicTpofleMfiTBne  y3fly-1, 
o6ecneMHBaB  BwcoKyra  TOHHocTb  MSMepeuMti.  B  Hac- 
Toniuee  epeMB  npH  noMouin  ynoMBHyroii  annaparypu 
MOXCHO  BbinonuriTb  flo  20  usMepenMM  b  cespyHAy  c  npe- 
AeAbHOA  norpeiAHOCTbio  He  6oAee  0,5  %. 

Back  HSMepenMA  m  ynpaBAeiAiB  nocTposH  na  ochobc 
BbinycKaeMoCi  npoMbiAiAeHHOCTbro  M3MepiiTeAbHofi 
TeH3OM0TpH>-ieCKOM  CHCTeMbI  CHHT-3.  C  yHGTOM  pe- 
LuaeMoti  SBAaMM  b  aiy/  cucTewy  BHeceHU  neo6xoAMMbie 
M3MeHGHH!l.  BAOK  KOMMyTaU.HH  BbinOAHeH  HH  OCHOBB 

repxoHOBbix  psAe  Tuna  P3C-42.  B  stom  xe  6AOKe  pas- 
MemeHbi  ycMAnjeAb  HSMepaeMbix  cnrHanoa  n  awnnH- 

TVAHbltl  AeTSKTOp. 

Baok  flaiHHKOB  BbinoAHeH  B  Biifle  Ka'ryiJjeK  fenbMronb- 
pa,  Me>!<Ay  KoxopbiMH  paaMeaisHhi  Majpnua  H3  mhavk- 
TMBHblX  BAeMeHTOB,  a  KaTyiAKM  MaipHUb!  —  nSBaTHblM 
cnocofioM,  MTo6bi  Boe  noAe  6biAO  aaMBTo  hx  BKTKaMw. 
Taxan  kohctpykamb  AOAXHa  o6ecne'-iMBaTb  BhicoKyro 
MyBOTBMTGAbHOCTb  ycTpOHCTBa  K  HSMeHCHMAM  AHHeil- 
Hbix  pasMepoB  KOHTpoAnpyeMOH  AeraAn,  t.  e.  toMHocTb 
onpeASAeMHB  AnnewHbix  pasMepoB  AeraAM  nopBAxa 

ASCATKOB  MMKpOH. 

Aatophtm  pa6oTbi  y3Ay-1  Moxex  6biTh  CAeAVioiAWM. 
BnaMaAe,  b  cAy^ae  oTcyrcTBMA  b  paBo'iew  o6beMe  H3- 
AP-BwCi,  npn  Bb!6paHHbix  pex<MMax  paBoiw  renepajopa 
MarHMTHoro  noAA  cHMMatoTcn  noKasaHHA  co  Bcex  nn- 
AVKTHBHbix  astbakob  b  pe>KHMax  BHeiiiHero  noA9  A  no- 

AeA  OT  OTAfiAbHblX  AHAVICTABHblX  SAetAGHTOB.  3TA  HO- 

KaaaHAA  npeAcraBAAioT  co5oa  cBoeo6pa3HbiA  «HyAb>> 
yCTpoilCTBa  a  BHOCATCA  B  BblMACAATGAbHyiO  MaUJAHy. 
SaTGM  B  paeoMAA  o6-beM  OAOxa  abthakob  noMeinaioTCA 
nOCAGAOBaTGAbHO  STaAOHHOG  ASAGAMG,  aUBAOr  3X3- 
AOHHOA  AexaAA,  cHAMaioTCB  aHaAOPAHHbie  noKaaaHAfi 
c  agtmakob  npA  xex  xe  cawbix  pexAMax  pa6oxbi  rene- 
paxopa  ManiATHoro  hoafi.  Bee  ohm  bhocatca  b  bbimac- 
AAXGAbHyiOMaUJAHy,  BKOTOPOA  CpOpMApyGTCA  «MaUJAH- 
HbiM  o6pa3"  axaAOHHOA  AexaAA  a  anaAora.  epas- 

HGHAA  «MaiiJAHHhlX  o6pa30B»  AeAaeXCB  SaXAIOMeHMG  o 
COOTBGXCXBAA  aHaAOfa  SXaAOHHOi^  ASTaAA. 
OnACaHHblA  aATOpATM  pa6oTbl  y3Ay-1  MO>i<GT  SbITb 
npAMGHGH  A-nsI  CMCTGMb!  AHarHOCTAKA  A  OOpGAGAGHAB 
pecypea  paSoxbi  A3Ae/ii''!^- 

nOBbSUJEMME  SYBCTBUTE/lbHOCTlI  PEHTPEHO- 
TEAEBMSMOHHOrO  KOHTPO/15!.  C.  B.  fleH6HOBe^■ 
Ki^a,  B.  A.  Tpoi/iLiKnHi,  H.  r.  Eenhm,  A.  B.  flemnwt^H, 
C.  P.  Mi/ixsPinoB  (I/Ih-t  sneKrpocBapm  mm,  B.  O.  PlaTO- 
Ha,  r.KixBB,  VKpama).  Mgtoa  npoMbiujAGHHoro  peHx- 
reHoxeAeBMSMoHHoro  kohtpoaa  KaMeexBa  cBapHbix  co- 
eAMHGHAA  paaAAHHbIX  AaAGAAA  AATbfl  A  MaxepAaAOB 
ocHOBaii  Ha  npGo6pa30BaHAA  peHxreKOBCKoro  M3o6- 
,  paXCGHAB  B  CBeXOBOe  Ha  BbIXOAHOM  SKpaHG  paAAaHMOH- 
HO-onXAMGCKOrO  npGo6pa30BaTGAA,  npAHGM  anaAAS 
noAyMGHHoro  A3o6paxeHAA  ocyiMeoxBAAGTCA  B  npo- 
UGCCe  KOHTPOAA. 

OCHOBHbie  AOCTOAHCTBa  3Toro  MGXOAaynO  cpaBHGHAIO 
C  paAAOrpatpAGA,  —  Bbicoxan  npOASBOAAXGAbHOCXb, 
3KCnpeCCH0CTb  A  HASKan  CXOAMOCTb.  Ero  npAfAGHeHAG 
S(ti(t)6KTABM0  E  XOM  CAyMae,  GCAA  np0A3B0AAX0B  npOC- 
BGHABaHAG  60AbaJOrO  KOAAHeCTBa  OAHOXAHHUX  A3Ae- 


The  application  of  the,  ana!og-to-digital  converter  can 
increase  significantly  the  quick-response  of  the  UEDU-1 
device,  thus  providing  high-precision  measurennents.  At 
present,  the  above-mentioned  equipment  can  perform 
up  to  20  measurements  per  second  with  a  limiting  error 
of  not  more  than  0,5%. 

The  block  of  measurement  and  control  is  designed  on 
the  basis  of  the  industrially-produced  measuring  tenso¬ 
metric  system  SIIT-3.  Taking  into  account  the  problems 
to  be  solved  the  necessary  changes  are  made  in  this 
system.  The  block  of  commutation  is  made  on  the  basis 
of  a  sealed-contact  reed  relay  of  RES-42  type.  An  am¬ 
plifier  of  signals  and  an  amplitude  detector  are  also  lo¬ 
cated  in  this  block. 

The  block  of  transducers  is  made  in  the  form  of  Helm¬ 
holtz  coils,  where  matrices  of  inductive  elements  are 
located  between  them.  The  matrix  coils  are  made  by  a 
printed  method  in  such  a  way  that  to  fill  the  whole  area 
with  their  turns.  This  de.sign  should  provide  a  high  sen¬ 
sitivity  of  the  device  to  changes  in  linear  sizes  of  the  part 
being  examined,  i.e.  the  accuracy  of  determination  of 
linear  sizes  of  the  part  of  order  of  tens  of  microns. 

The  algorithm  of  UEDU  operation  can  be  as  follows. 
First,  when  there  are  no  workpieces  in  the  working  vo¬ 
lume,  the  indications  from  all  the  inductive  transducers 
in  the  conditions  of  external  field  and  fields  from  separate 
inductive  elements  are  taken  at  selected  conditions  of 
operation  of  the  magnetic  field  generator.  These  indi¬ 
cations  are  some  “Zero"  of  the  device  and  they  are  set 
into  the  computer.  Then ,  a  reference  workpiece,  an  ana¬ 
log  of  the  reference  part  are  placed  In  succession  to 
the  v.'orking  volume  of  the  block  of  transducers.  Similar 
indications  are  taken  from  the  transducers  at  the  same 
conditions  of  operation  of  the  magnetic  field  generator. 
All  of  them  are  set  into  the  computer,  in  which  a  "mac¬ 
hine  image”  of  the  reference  and  analog  parts  is  formed. 
Conclusion  about  the  conformity  of  analog  to  the  refer¬ 
ence  part  is  made  from  the  comparison  of  "rhachine 
images". 

The  algorithm,  of  the  UEDU-1  device  operation  can  be 
used  for  the  system  of  diagnostics  and  assessment- of 
service  life  of  the  product. 


INCREASE  IN  SENSITIVITY  OF  X-RAY  TV  CONTROL. 

S.V.Denbnovetsky,  V.A.Troitsky,  N.G.Beliy,  A.V.Leshc- 
hishin,  S.R.  Mikhailov  (E.O. Baton  Electric  Welding  Insti¬ 
tute,  Kyiv,  Ukraine).  Method  of  industrialX-ray TV control 
of  welded  joints  of  different  castings  and  materials  is 
based  on  the  transformation  of  X-ray  image  into  a  light 
image  at  an  output  screen  of  a  radiation-optical  conver¬ 
ter.  Analysis  of  the  obtained  image  is  performed  during 
control. 

The  main  advantages  of  this  method,  as  compared  with 
radiography,  are  the  high  efficiency,  quick-response  and 
low  cost.  Its  application  is  effective  in  that  case  when  it 
is  necessary  to  inspect  a  large  quantity  of  single-type 
items  of  gas  cylinders,  large-diameter  pipes,  tanks,  etc. 
X-ray  TV  control  envisages  the  use  of  X-ray  units  of  a 
continuous  action  with  a  high  dose  of  Ionizing  radiation, 
This  is  explained  by  the  fact  that  the  time  of  exposition 
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/1MM  rasoGbix  6a/i/ionoB,  xpyf)  6o/ibiiioro  fluaMexpa, 
HMcrepH  M  flp- 

PenTreHOTe/ieBUswoHHbiti  KompoBb  npeAno.naraeT  mc- 
no;ib30BaHMe  peHireHOBCKi/tx  annapaxoB  HenpepuBHo- 
ro  OeMCTBMB  C  SoBblilofi  MOlUHOCTbK)  fl03bl  M0HM3Hpy- 
lomero  i43jiyMeHHF!.  3to  cBqsaHo  c  tbm,  mto  BpeMfi  sk- 
cnosMUMM  npn  peHTreiioTe/ieBManotiHOM  Kompoaeon- 
pefle/iB9Tca  fl/iHxe/ibHOCTbio  oflHoro  xeBeBii3MOHHoro 
KBApa. 

3<t)4)eicxnBHbiM  cnoco6oM  noBbiiueHUB  HyacxBMxexib- 
Hocxn  KOHxpo/iB  M  pacujiipeHHB  AMana3ona  KOHxpoan- 
pyoMbix  xojiLUHH  M3Ae.nMM  peHxreHoxe/ieBM3MOHHoCi 
CMCXeMbi  (PTBC)  fiBBBexcfi  nepeDOA  nepeAaioiAMX 
SAGKxpoHHO-ayMeBbix  npM6opoB  {3/in)  b  pg)khm  pery- 
anpyeMOM  A-nnxejibnocxn  HaKonasHUB  curHaaoB  na  mb- 
lUGHB.  B  9XOM  pe)i<MMe  npw  3anepxoM  Ha  onpeAe/ieH- 
Hoe  speMB  saeKxpoHHoM  ayne  3Tin  npoBCXOAHX  Ha- 
KonaeHBe  bxoahoxo  B3o6paxeHBfi  na  Mi-mieHU,  aaaxeM 
ero  cMMXhiBaHBG  3a  oamh  khap  b  sanoMBHaHBe  b  ycx- 
poBcxne  naMflXB,  m3  Koxoporo  oho  bhiboahxcb  a^b  boc- 
npoHsBeAeHHB  nan  o6paf5oxKM.  B  pexi-iMe  peryaMpy- 
eMoii  ABHXGabHocxM  HaKonaeHMB  Moryx  aiJjclDeKXHBHO 
pa6oxaxb  nepeAaioLAMe  3/in  xax  onxMMecKoro,  xax  I'l 
peHxreHOBCKoro  AwanasoHOB,  npeAHa3Ha'ienHb!e  abb 
pa6oxbi  B  pe>KHMe  HenpepbiBHoro  cMHXbiBai-tHB.  B  pe- 
XMMR  peryaHpyoMoti  ABHxenbHocxi-i  HaKonaeHHB  B03- 
MoxHO  MHoroKpaxHOC!  noBbimeHMe  MyBcxBMxeabHocxH 
3/in,  a  3Ha‘iMX,  M  oxHocHXeabHOH  ayricTBHxeabHccxM 
KOHXpoasn  PTBC.  B  xaxoH  PTBC  AJiUTeabHOCXb  SKcno- 
3HUMM  yxce  He  onpeAeanexca  opeMeneM  oAHoroxeae- 
BM3HOHHoro  xaAPa,  a  Moxex  peryanpofiaxbCB  ox  1  ao 
1000  xeaeBM3HOHHbix  KaAPOB,  X.  e.  or  0,04  ao  40,0  o. 
PexcHM  peryanpyeMOM  AJii^TeabnocxH  naxonaeuMB  mc- 
noabsyexcB  b  pa3pa6oxaHHOM  PTBC  Ha  ochobg  peux- 
reHOBHAHKOHa  c  AnaMGxpoM  pa6oHero  noaa  90  mm. 
PTBC  BKaioMaer  xaK>KG  BMAOonpoAeccop,  nosBoarao- 
lAHH  HHKanaHBaxb  b  uncppoBOpi  naMBXH  ao  256  xeae- 
BH3H0HHbix  xaApoB  M  o6pa6axbiBaxb  H3o6pa>KeHHH. 
PTBC  Moxex  pa6oxaxb  xax  c  HonpepbiBKbiMH,  xax  m  c 
HMnyabCHbiMM  peHxreHOBCXMMM  annapaxaMU, 

K  PEUIEHHK)  nPOBJIEMbI  yBEJlMMEHMfl  PECYP- 
CA  BKCn/iyATAUMM  CBAPHbIX  COEAMHEHMM 
SHEPrETMHECKOrO  OBOPyflOBAHMSI  CBblUJE 

200  000  4.  B.  B.  (VKp.  i^H>K.-nea-  aKafi., 

r.XapbKOB,  VKpanua).  Bbiffy>KAeHHaf>  aaMena  axcnaya- 
XHpyiouiMxcH  KpynHora6apnxHbix  cBapnux  coeAHHeriHM 
SHeprexMHeoKoro  o6opyAOBaHMH  (nanpHMop,  Kopnyc- 
Hbix  Aexaaen  xyp6i4H),  cocxoblahx  MaxenaoycxoHMi/iBbix 
cxaaefi  Cr-Mo-V  nepaMXHoro  xaacca,  HBasexcH  eecbMa 
AoporooxofliAeri  onepauiHeM, 

Pecypc  sKcnayaxauHH  csapHbix  KOHcxpyKUHH,  cocxaB- 
AHwaiMM  100  000  H,  skohomhhgckh  ue/iecoo6pa3HO 
yeeriH'iHXb  ao  200  000  h  m  So/ibine.  ripeAcxaBaHexcH 
axxyaabHbiM  MsyMeHMe  Kax  mcxoahoh  cxpyKxypu  cBap- 
Hbix  coeAMneHMM,  xaK  H  oOpasyiotAGHOH  na  pasJiHHHbix 
cxaAHAX  MX  SKcnayaxauMM,  a  xaxxe  MexaHMHecxHX 
CBOi^CXB  M  OCo6eHHOCXeM  paSpyiilGHMB. 

3apo>KAeHMe  M  pasBMXMe  xpeiUMH  b  abhhwx  ceapHbix 
coeAMHeuMHX  cMcxeMaxMaMpoBaHo  m  npoMcxoAHx  npe- 
MMyiAGCXBGHHo  Ha  yHacxKe  cnaaBAeHMH,  neperpeea  m 
Heno/iHoii  4)a30B0M  nepeKpMcxaajiMaanMH.  UseecxHbi 
xaKxe  M  KpwxepMM,  npeAtHB/ineMbre  k  mcxoahom  cxpyx- 
xype  cBapubix  coeAHHeuMM.  HanpwMGp,  ncxoAnyio 
cxpyKxypy  cxaaM  MapxM  15X1M1<t>,  McnoribsyeMyio  a-bh 
MsroxoBAeHHfi  o6opyAOBaHM9  3Hepro6noKOB  ceepx- 
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at  X-ray  TV  control  is  determined  by  a  duration  of  a 
single  TV  frame. 

Transition  oftransmitting  electron-beam  units  (EBU)  into 
the  condition  of  an  adjustable  duration  of  accumulation 
of  signals  in  a  target  is  an  effective  method  of  increasing 
the  sensitivity  of  control  and  widening  the  range  of  con¬ 
trollable  thicknesses  of  products  of  X-ray  TV  system.  In 
this  condition  at  an  EBU  electron  beam,  blocked  for  a 
certain  time,  an  accumulation  of  an  input  image  in  target 
and  then  its  reading  per  one  frame  and  storage  in  the 
memory  from  which  it  is  used  for  reproduction  and  pro¬ 
cessing  occur,  Within  the  condition  of  an  adjustable  du¬ 
ration  of  accumulation  the  transmitting  EBU  of  both  op¬ 
tical  and  X-ray  ranges  designed  for  operation  in  the 
condition  of  a  continuous  reading  can  effectively  ope¬ 
rate.  In  the  condition  of  an  adjustable  duration  of  accu¬ 
mulation  a  multiple  increase  in  EBU  sensitivity  and,  thus, 
relative  sensitivity  of  X-ray  TV  control  system  is  possible. 
In  this  X-ray  TV  control  .system  the  duration  of  exposition 
is  not  determined  by  the  time  of  only  one  TV  frame,  but 
can  be  adjusted  from  1  to  1000  TV  frames,  i.e.  from 
0.04  to  40.0  s. 

The  condition  of  an  adjustable  duration  of  accumulation 
is  used  in  the  developed  X-ray  TV  control  system  on  the 
basis  of  X-ray  vidicon  with  a  diameter  of  a  90  mm  working 
field.  X-ray  TV  control  sy.stem  includes  also  a  videopro- 
ce,ssor  which  can  accumulate  up  to  256  TV  frames  in  a 
digital  memory  and  process  images.  X-ray  TV  control 
system  can  operate  both  with  continuous-  and  pulsed¬ 
operated  X-ray  units. 


ABOUT  THE  SOLUTION  OF  THE  PROBLEM  OF  IN- 
CRAS1NG  THE  SERVICE  LIFE  OF  POWER  EQUIP¬ 
MENT  WELDED  JOINTS  ABOVE  20000  HOURS. 

V.V.Dmitrik  (Ukrainian  Engineering-Pedagogical  Acade¬ 
my,  Kharkov,  Ukraine).  Emergency  replacement  of  ope¬ 
rating  large-sized  welded  joints  of  the  power  equipment 
(for  example  casing  parts  of  turbines)  made  of  heat-re¬ 
sistant  Cr-4\/!o  steels  ofa  pearlitic  class  is  a  rather  costly 
operation. 

It  is  rational  to  increase  the  100000  h  service  life  of 
v/elded  structures  up  to  200000  h  and  more.  For  this 
purpose  the  study  of  both  initial  structure  of  welded 
joints  and  also  those  formed  at  different  stages  of  their 
service  and  also  mechanical  properties  and  peculiarities 
of  fracture  is  actual. 

Initiation  and  propagation  of  cracks  in  the  above-men¬ 
tioned  welded  joints  is  systematized  and  occurs  mainly 
at  the  region  of  fusion,  overheating  and  partial  phase 
recrystallization.  The  criteria  are  also  known  which  are 
specified  to  the  initial  structure  of  the  welded  joints.  For 
example,  the  initial  structure  of  ISKhtMIF  grade  steel 
used  for  manufacture  of  equipment  of  power  units  of  su¬ 
percritical  parameters  {P-  25.5  MPa,  Te  =  545-665  'Cj, 
containing  up  to  75  %  ferrite  (the  rest  is  tempering  ba- 
inite),  refers  to  acceptable  structure.  That  .structure  of 
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KpnTM'iecKMx  napaweTpoB  (P  =  25,5  Mfla,  T^  = 

-  545. ..565  ‘C),  coAepxaunyio  flo  75  %  (peppuja  (oc- 
TanbHoe  6eMHHT  otnycKa),  oxHocfiT  k  cflaTOMHow.  OriTn- 
MaJibHOM  CMMiaKJT  Ty  crpyicrypy  Meianna  luea  m  3TB,  j 
KOTopasR  oTJinHaeTca  BbicoKofi  cTeneHbio  oflHopofluocTn. 
ycTanoB/ieHo,  hto  CTpyicrypy,  6ai'i3Kyio  k  onruMaabHofi, 
MOXHO  noayanTb  npw  ESAennH  npoAecca  caapKn  Ha  pe- 
XMMax,  ocHoeaHHbix  Ha  peayabTarax  MOAe/iiipoeaHHa 
TeMneparypHoro  pexMwa  npopecca  AyroBoii  caapwi. 
fl/ia  onpeAeneima  TeMnepaxypHoro  pexHMa  b  o6jiacxM 
pacn/iasa  eaHHU  (KpMcxajiJin3yioai,eroofi  Mexan/ia  nisa 
n  3TB)  paapaSoxa/iH  hobum  mgxoa  pemeHHn  conpa- 
xeHHOM  xenjioBop!  saAa'tH  npMMsHi'ixe.nbHO  k  XMAXofi 
cpaae  b  yc.noBHHX  aaKona  Hasbe-CxoKca  h  xsepAon  <pa- 
36  B  ycjioBHBX  aaxoHa  cpypbe.  ripn  MHoronpoxoAHoii 
AyroBOM  cBapKexeMnepaxypHbie  no/i5i  cooxBexcxeeHHo 
HaKAaAbiBatoxcH,  hxo  oSecneHMBaexaoKa/ibHbiPi  ncper- 
pes  oxAejibHbix ynaoxxoB  csapubix  coeAHneHUM.  Ha  oc- 
Hoee  AaHHbiXMOAejiHpoBaHHH  noAoSpanbi  cooxBexcxey- 
toiAMe  SHaHeuMB  noroHHOvi  3HeprnM  npopscca  aBxoMa- 
xHHecKOM  cBapxH  B  yrxiexucaoM  rase,  no3B0/)HK)LJj,ne 
o6ecneHHxb  Heo6xoAMMbie  ycjioBMB  abb  ct)opMnpoBaHHB 
cxpyKxypbi,  6jim3koh  k  onxMManbHow. 
ycxaHOBaeHo,  hxo  xenaoB/ioxeuHe  b  ochobhom  wexaa/i 
c.neAyex  npHHMwaxb  MUHMMaabHbiM,  oAHaKO  Aocxaxo'i- 
HbiM  ahh  npon/iaBJiGHHB  KpoMOK  ocHOBHoro  Meranna  h 
He  AonycxaioLi^HM  oSpasoBaHHe  AsepexxoB  xwna  Hen- 
poBapoB  Ha  rpaHHpax  wexAy  ocHOBHbiM  m  HaruiaBAen- 
HblM  Mexa/IBOM, 

Ko/iMHecxeeHHO  onpeAeneHoxeruioB/ioxeHMe  B  ochob- 
HoPi  Mexaxi/i,  oSecnemiBaioLAee  oxcyxcxBMe  o6pa30Ba- 
HHPl  «MBrKl1X»  CpeppMXHbIX  H  «XBGpAblX»  MapxeHCHXHbIX 
npoG/ioex  Ha  ysacxKe  cnAaB.neHMB  Mexanaa  liiea  m  oc- 
HOBHoro  Mexanaa. 

ycxaHOBJiena  aaBucHMOcxb  poexa  aepen  na  ynacxxe 
neperpena,  a  xaiotce  paswepoB  ynacxKa  neno/iHoPi  ne- 
peKpncxan/iM3ai4nn  6xxenHOB/io>KeHHB  bochobhoh  Me- 
xajia.  PacHBXHbie  sHaMeuMB  xewnepaxyp  no3Bo.nnaM 
ywenbLUHXb  6a.na  aepua  ynacxKa  neperpeea  h  paswepbi 
ynacxKa  Heno/tHOM  nepeKpMcxaaBMsauMM.  B  cxpyKxype 
AaHHoro  ynacxKa  mo>kho  xaxxe  ywenbiiiHXb  KonwHeoxBo 
cBexHX  nopAMM  pacnaAaayoxeHHxa,  KpoMexoro,  expyx- 
xypa  Fea  (wexa/ia  Lusa)  xapaKrepnayexcH  MeHbiiiMMH  epa- 
30BbiMH  HanpaxeHHHMH,  HXO  cnocoScxsyex  noBbiujenmo 
ee  cxa6n/ibHooxM,  a  xaioxe  y/iyHLueHMio  ceoRcxb. 

flUArHOCTMKA  CTAHbHbrX  KOHCTPYKHMM  ME- 
TOAOM  MArHMTHOM  nAM^TM.  A.  A.  jn,y6oB,  B.  M. 
3arpe6e.nbHbM,  A.  B.  MosroBoi^,  A.  H.  PyflaKOB  (Uh-t 
sneKTpocBapm  mm.  E.  O.  PaTOHa,  r.  Kma,  VKpai^Ha). 
nporHOSMpoBaHMe  epoxa  CByx6bi  saeweHxoB  xohc- 
xpyKU,MM  HBBfiexcsi  oahom  M3  axxyaBbUhix  npo6jieM,  Pa- 
6oxocnooo6Hooxb  cxa/ibHux  KOHOxpyKpMM  orpaHMHena 
M3-3a  HaKon;ieHMfi  b  hmx  b  npouecce  sxcn/iyaxanMM 
BHyxpeHHMX  noBpexgoieHMM,  o6ycHOB/ieHHbix  ABMxejib- 
HblM  B03AeMCXBMeM  MexaHMHecKMX  M  axpeccMBHbix 
cpeA.  no.q  AeCicxBMeM  SXMX  (paxxopoB  usMeHBexcp  xax 
BHyxpeHHBH  cxpyxrypa  MaxepMaaa,  xax  m  ero  peaabHbie 
MexaHMHecKMe  csoMcxsa.  Cymeexeyex  WHoro  wexoAOB 
nepaspyujaioLuero  xoHxpoaa,  nosBo/iHioLAMx  odna- 
pyxMBaxb  BHyxpeHHMe  nospexAeHMH  ASTajieM.  CpeAM 
HMX  —  MexoA  MarHMXHoi^  naMBXM  (MMn),  McnoAbsye- 
MbiM  Aan  onpeAeAeiiMB  HanpBxeHHo-AetpopMMpoBaH- 
Horo  COCXOBHMB  MexaAAa. 

MexoA  MMn  ocHosaH  Ha  aHaJiMse  pacnpeAeaeHMH 
MarnMXHbix  noaePi  pacceeHMH  Ha  noeepxHocxM  msag- 


weld  metal  and  HAZ  is  considered  optimum  which  is 
characterized  by  a  high  degree  of  homogeneity. 

It  is  established  that  structure  close  to  optimum  can  be 
produced  during  welding  at  the  conditions  based  on  the 
results  of  modelling  the  temperature  conditions  of  the 
arc  welding  process. 

To  determine  the  temperature  conditions  in  the  region 
of  weld  pool  {crystallizing  weld  metal  and  HAZ),  a  new 
method  of  solution  of  a  mating  heat  problem  relative  to 
a  liquid  phase  under  the  conditions  of  Navier-Stokes  law 
and  a  solid  phase  under  the  conditions  of  the  Fourier’s 
law  has  been  developed.  During  the  multipass  arc  wel¬ 
ding  the  temperature  fields  are  respeotively  superimpo¬ 
sed,  thus  providing  a  local  overheating  of  separate  areas 
of  the  welded  joints.  The  appropriate  values  of  a  heat 
input  of  the  CO2  automatic  welding  were  selected  on 
the  basis  of  data  of  modelling  that  provides  the  neces¬ 
sary  conditions  for  the  formation  of  structure  close  to 
the  optimum  structure. 

It  was  established  that  heat  input  to  the  parent  metal 
should  be  accepted  minimum,  however,  sufficient  for 
melting  the  edges  of  the  parent  metal  and  preventing 
the  formation  of  defects  of  a  lack-of-penetration  type 
at  the  boundaries  between  the  parent  and  deposited 
metal. 

The  heat  input  to  the  parent  metal  that  prevents  the 
formation  of  "soft”  ferritic  and  “hard”  martensitic  inter- 
I  layers  at  the  region  of  fusion  of  weld  and  parent  metal 
was  determined  quantitatively. 

The  relation  between  the  grain  growth  at  the  overheating 
region  and  also  sizes  of  region  of  partial  recrystallization 
and  heat  input  to  the  parent  metal  is  established.  The 
estimated  values  of  temperatures  made  it  possible  to 
decrease  the  size  of  grain  in  the  overheating  region  and 
the  sizes  of  a  partial  recrystallization  region.  An  amount 
of  fresh  portions  of  austenite  decomposition  can  also 
be  decreased  in  the  structure  of  the  mentioned  region. 
In  addition,  the  structure  of  Fe^  (weld  metal)  is  charac¬ 
terized  by  lower  phase  stresses  that  promotes  increase 
in  its  stability  and  also  in  improvement  of  properties. 


DIAGNOSTICS  OF  STEEL  STRUCTURES  USING  THE 
METHOD  OF  A  MAGNETIC  MEMORY,  A.A.Dubov, 
V.I.Zagrebelny,  A.V.Mozgovoy,  A.N.Rudakov  (The 
E.O.Paton  Electric  Welding  Institute,  Kyiv,  Ukraine).  The 
prediction  of  service  life  of  the  structure  elements  is  one 
of  the  actual  problems.  The  serviceability  of  steel  struc¬ 
tures  is  limited  because  of  accumulation  of  inner  dama¬ 
ges  during  service,  which  are  caused  by  a  long-term 
action  of  mechanical  and  aggressive  media.  Under  the 
action  of  these  factors  both  the  interna!  structure  of  the 
I  materia!  and  the  real  its  mechanical  properties  are  chan- 
i  ged.  There  are  many  methods  of  non-destructive  testing 
which  can  determine  the  inner  damages  of  the  parts. 
Among  them,  there  exists  a  method  of  a  magnetic  me¬ 
mory,  used  for  determination  of  a  stress-strain  state  of 
the  metat. 

This  method  is  based  on  the  analysis  of  distribution  of 
magnetic  fields  of  dissipation  on  the  surface  of  the  ob¬ 
ject,  being  under  the  long-term  service.  These  fields 
indicate  the  irreversible  changes  occurring  in  the  metal 
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nm,  HaxoA5iuJ,eroDfl  b  AnuTejiLiioM  SKormyaTaiAMM,  Stm 
nojiB  cBUfleTe/ibCTByioT  o  l■leo6paTt1Mblx  MSMeHennFix, 
npoMOXoflBiAMX  B  CTpyKType  MCTa/i/ia,  xapaRnepiisyioT 
peaKUMio  Ha  flePtcTBHe  rjiaBHWX  paSoMiw  iiarpyaoK. 
nocTOBHHbie  fle4)opMaiJiHM  nofl  Aei^cTBnaM  sthx  wan- 
ppxceHMM  ctjopMHpyioT  crpyiaypHbie  HSMei-ieHHB  m  Mar- 
HPTHbie  no/iP  Ha  noBepxHooTH  ct^eppoMamMiHOH  kom- 
CTpyKHHP.  MMn,  Kpowe  panHcro  oenapyxcennR  paapy- 
aieHPR  CTpyKTYI’w  MejaaAa,  flaer  pH!t>opMaLiHK)  o  (pax- 
TMHGCKOM  HanpfPlCeHHOM  COCTOBHHP,  HblREl/IPeT  30Hy 
KOHUeHTpaUMH  HanpRXGHHH, 

PeayAbTaTbi  aKoriepHMenTaabUbix  o6cjieAOBaHHH  arpe- 
raTOB  anepreTM'iecKoro  o6opyAOBaiiHf!  c  Hcnoabsona- 
HHew  MMn  noATRcpAHAH  AeAecoofipasHocTb  npnwe- 
HGHHB  npeA/iaraoMbix  moaxoaob  npM  AHarHocTUxe  ox- 

BeTCTBGHHhlX  oS-bfiKTOD, 

yjIbTPASByiCOBOM  KOHTPO/lb  CBAPHbiX  lUBOB 
MArMCTPA/lbHblXTPyBOnPOBOAOB  C  OflPEAB- 

JIEHMEIWI  TMOA,  MECTA  PACn0.n0)?(EHH51  M  PA3- 
MEPOB  AE®EKT0B.  a.  H.  Ko3i^h,  E.  A.  fianhiflOB, 
B.  A.  TpoMUKUM  (Mh-t 9/ieKTpocp.apia'!  MM.  E.  O.  PlaTOHa, 
r.KucB,  YKpanHa).  cHMxceHHR  aBapHftHocxH  h  no- 
BbiiHRHMA  6e3onacHOH  pKcnnyaiaiAHH  MarHCxpanbHbix 
HecJixenpoBOAon  b  nocaeAHne  roAw  b  CHf  ujMpoKOG 
pacnpocxpanGHHe  noAymAO  npoBeAGHiie  BHyxppxpyfi- 
HOil  A^iaXHOCTHKM,  flocTprHyxbi  yciiexH  B  npo4)HAO- 
MexpMM  aHOMaAHM  reoMGTpMP  Tpy6onpoROAa,  b  onpe- 
AGAeHPM  noxepi)  Mexapna  xopposHOHnoro  nponnxo)K- 
AeHMB  npn  domoiam  yHbTpaasyKOBbix  cnapqAOB,  toa- 
lAMHOMepoB  H  MaruMTHbix  CHapsAon  BbicoKoro 
paapeiueuMB. 

Ana  onpeASAenHB  TMna  h  xoHHhix  paaMspoB  o6Hapy- 
xeHHbix  ManiHTHbiM  cuapRAOM  aHOMaAHH  csapHoro 
tuna  BbinoAneH  SKcnepTHWH  ynbxpaaByKOBOH  KOHxpoAb 
18  CBapHbix  LUBOB  He4^TenpoBOAa  «Apy>K6a’’  AHawcx- 
POM  1020...  1220  MM  H  C  TOALAHHOfi  CTGHKH  Tpy6bi  12 
MM,  B  KOTopbix  MarHHTHbiii  CHapAA  KOMnanHH  "British 
Gas»,o6Hapy>KMA  29  Ae4>GKTOB  Bbicoxoii  or  40  ao  90  % 
toaaj;mhiiI  ctchkh  xpyObi. 

Aaa  onpeAeAenHA  xmia  h  Bhicoxbi  Ae4''eKTOB  HcnoAbao- 
DBAM  MeXOA  AHffiparApOBaHHblX  BOAH  TOFD  H  MGTOA  CHH- 
xeaHpoBaHHoii  450KyciipyK)iAeH  anepxypbi  SuperSAFT. 
CorAacHO  peayAbxaxaM  yAbxpasByKOBoro  kohtpoaa, 
Bce  iLiBbi  6hiAH  pa36nTbi  HaHexbipe  rpynnbi  no  oxenenH 
onaoHocTM  m  c.po'inocTA  peMOHxa. 

B  nepnyio  rpynny  bolliao  Hexupe  cBapHbix  iAt3a(c  haoc- 
KOCxHbrMA  AG43C’KTaMH  BbicoxoM  6onee  5  mm),  xpoOy- 
KDiAMX  cpoHHoro  peMOHxa.  Tpxi  CBapHWX  Luea  ObiAH  ox- 
Hacenbi  Ko  BxopoM  rpynne  h  6yAyT  oxpeMonTnpoBaHbi 
BO  Bxopyio  oAepGAb.  B  xpcxbio  rpynny  saMHCAHAH  bbi- 
xbipe  CBapHbix  AiBa  c  HeaHaiHxeAbUbiMH  no  Bwcoxe  m 
AAniie  AR4jeKxaMH,  3a  koxopbimh  6yAex  seoxHCb  Ha6- 
AioAeHMe.  B  HBXBepxyio  rpynny  boiuao  coMb  aoxho 
3a6paKOHannbix  cuapAAOM  ceapHbix  ujbob,  b  Koxopbix 
AecpeKXbi  npH  noMoutn  yAbxpaaByKOBoro  kohxpoaa  ho 
6biAM  oSnapyxcesiiii.  /lo)i<Hbie  hhamiou^’h  MarHHXHoro 
CHapAAa  SblAH  BbISBaHbl  paSAMHHblMH  OXKAOHeilAAMH  B 

4)opMe  csapHoro  lUBa  (cMeiAenne  kpomok,  paanoxoA- 

lAHHHOCXb  H  OBaAbHOCXb  xpy6,  yXBXCHHbl  M  X.  n.). 
CpaBHMxeAbHbiH  anaAHS  pesyAbxaxoB  MarHHXHoro  h 
yAbxpasRyxoBoro  KOHxpoAR  noxasaA,  hxo  cosnaAeiiMe 
Bcex  3a43HKCHpoRaHHbix  anoMaAHH  cnapiioro  LUBa  coc- 
xanAAox  75  %. 

MexaAAorpa4)MAGOKi'ie  MocAGAOBanHA,  nponeAenHbie 
Ha  pPA®  cnapHhix  ujnon,  c  AOCxaxoHno  Bhicotcon  eepo- 
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structure  and  characterize  the  reaction  to  the  action  of 
main  working  loads.  Constant  strains  under  the  action 
of  these  stresses  form  the  structural  changes  and  mag¬ 
netic  fields  at  the  .surface  of  a  ferromagnetic  structure. 
The  method  of  a  magnetic  memory,  except  the  early 
detection  of  the  metal  structural  failure,  gives  an  infor¬ 
mation  about  a  real  stressed  state  and  defines  a  zone 
i  of  the  stress  concentration. 

The  results  of  experimental  examination  of  the  power 
equipment  units  using  the  method  of  a  magnetic  me¬ 
mory  confirmed  the  expediency  of  application  of  the 
above-mentioned  approaches  for  the  diagnostics  of  the 
critical  objects. 


ULTRASONIC  TESTING  OF  WELDS  OF  MAIN  PIPELI¬ 
NES  WITH  AN  IDENTIFICATION  OF  TYPE,  LOCATION 
AND  SIZE  OF  DEFECTS.  A.N.Kozin,  E.A.Davydov, 
V.A.Troitsky  (The  E.O.Paton  Electric  Welding  Institute, 
Kyiv,  Ukraine).  To  reduce  accidents  and  to  increase  a 
safe  service  of  main  oil  pipelines  the  intrapipe  diagnos¬ 
tics  has  found  a  wide  application  in  CIS  during  the  recent 
years.  Achievements  in  profilometry  of  anomalies  of  the 
pipeline  geometry,  in  determination  of  los.ses  of  metal 
of  a  corrosion  origin  have  been  attained  using  the  ultra¬ 
sonic  pigs,  thickness  gauges  and  magnetic  pigs  of  a 
high  resolution. 

To  determine  the  type  and  precise  sizes  of  the  weld 
anomalies  detected  by  a  magnetic  pig,  an  expert  ultra¬ 
sonic  examination  of  18  v/elds  of  oil  pipeline  “Druzhba 
of  1 020...  1 220  mm  diameter  and  12  mm  pipe  wall  thic¬ 
kness  was  made.  The  magnetic  pig  of  company  ‘British 
Gas"  detected  29  defects  of  height  from  40  to  90  %  of 
the  pipe  wall  thickness. 

The  method  of  diffracted  waves  TOFD  and  the  method 
of  a  synthesized  focusing  aperture  SuperSAFT  were 
used  for  determination  of  type  and  height  of  the  defect. 
According  to  the  results  of  the  ultrasonic  examination, 
all  the  welds  were  divided  into  four  groups  as  to  the 
degree  of  hazard  and  urgency  of  the  repair. 

The  first  group  included  four  welds  v/ith  plane  defects 
of  more  than  5  mm  height,  which  required  an  urgent 
repair.  Three  welds  were  referred  to  the  second  group 
and  will  be  repaired  in  the  second  turn.  The  third  group 
included  four  welds  with  defects  negligible  in  height  and 
length  which  will  be  under  the  observation.  The  fourth 
group  had  seven  welds,  faulty-rejected  by  the  pig,  in 
which  the  defects  were  not  detected  using  an  ultrasonic 
testing.  The  false  indications  of  the  magnetic  pig  were 
caused  by  different  deviations  in  form  of  a  weld  (disp¬ 
lacement  of  edges,  variations  in  thickness  and  ovality  of 
pipes,  shrinkage  cavities,  etc.). 

The  comparative  analysis  of  results  of  magnetic  and 
ultrasonic  control  showed  that  coincidence  of  all  recor¬ 
ded  anomalies  of  the  weld  is  75  %. 

Metallographic  examinations  carried  out  on  some  welds 
confirmed  with  a  rather  high  probability  the  results  of 
the  LIST,  the  error  in  determination  of  the  height  of  de¬ 
fects  did  not  exceed  +1  mm. 

Thus,  the  feasibility  of  a  precise  measurement  of  type 
and  height  of  defects  in  welds  of  main  pipelines  after 
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nTHOcTbio  noflTDepfli-iJiM  peayjib'raTbi  y/ibTpassyKOBoro 
KOHTpojin,  npi/i‘ieM  norpeutHocTbonpeflefleuMf!  Bbicoibi 

AetpeKTOB  He  npeBbiLuana  ±1  mm. 

TaKMM  o6pa30M,  noKaaana  BosMoxnocTb  BecbMa  toh- 
Horo  HaMepeHnn  Tuna  m  BbicoTbi  AecpeKTOB  b  ceapiiwx 
lUBax  MarncTpa/ibHbix  TpydonpoBOflOE  noc.ne  MaruHT- 
Horo  CHapBfla,  hto  noaBoaaeT  opeHHPaTb  ocTaroMnyio 
npoMHOOTb  M  npuHHMajb  peiueHiie  o  Heo6xofliiMooTH 
peMOHTa. 

y/lbTPASBVKOBA  KOMn’fOTEPHA  TOMOrPAOiR 
3BAPHMXKOMCTPyKl4tM.  B.  Koluob'M,  3.  Haaap^yK, 
£.  KpmbIh.  I.  PoMamwiiH,  A.  E ymo,  B.  KypiH  (0i3.-Mf}X. 
iH-T  iM.  r.  B.  KapneHKa,  M.flbBiB,  VKpafi-ia).  flonoBlflh 
npMCBBMeHO  HOBHMTeXHO/IOriBM  KepyCiHiBHOrO  KOHTpo- 
aio  (HK)  aeapHHX  MerafieBnx  KoncTpyKpiH,  CTBopenHM 
HaooHOBi  npnHUMniBy/ibipasEyKOBOi  KOMn’ioTepHo'iTO- 
Morpa(t)ii  (VSKT).  ExasaHi  TexHo/iorii  BiAKpuBaraTb  hobI 
MOXOlHBOCTi  niflBl'IUJ.GHHH  piBHB  TeXHiHHOi  fliarilOCTMKH 
(Tfl),  BKi  no/iqrakOTb  He  xi/ibKH  y  BHBsasHHi  flecpeKTis, 
ane  ti  y  BMSHaHeHHi  Heo.qHopip,Horo  npocTopoBoro  poa- 
noqiJiy  (HP)  tt)i3MK0-Mexai-iiHHMxxapaKTepncTMK  (cPMX) 
Marepia/iy  no  o6'eMy  Bnpo6y,  iqo  b  TpaflHpiHHOMy  HK 
BMKopMCTODyBanii  o6Me)KeHo.  Cepeq  o6'eicriB  xonTpo- 
nio  3  HeoflHopiqHMM  DP  cpMX  HaM6mbUJ  noumpeHi  ;ihc- 
TOBi  BMpogM  i3  SaapUMMH  3'eflHaHHflMI/1. 
npeflCTae/ieHo  hob!  TexHo/iorii  HK  aeapniix  a'efluaHb, 
BKl  SasyioTbcH  na  npHHUMnax  VSKT.  Bonn  floaBOJiaioTb 
B  peanbHOMy  Had  OTpHMyoaxH  HP  OMX  Marepia/iy, 
BKHIOHaiOHH  CKa/lHpHi  i  XeHSOpHi  XapaKXepHCTMKH.  Te- 
opexMHHi  i  eKcnepHMeHxaribui  peayBbxaxH  oxpHwaHo 
npH  po3po6i4i  yjibxpaaByKOBoroxoMorpacpa  (VST)  UST- 
2000,  npn3Ha4eHoroflBR  HKjihctobhx  Bnpo6i8i3  3Bap- 
HHMM  a'equaHHHMM  npH  oflHocxopoHHbOMy  flocxyni. 
floc/iiqxeHHB  noKasaAH,  iqo  ahh  aaSeaneMeHHn  bhco- 
Ko'i  npoAyxxHBHocxi  HK  xa  yniBepcaabHocTi  VST  iaoao 
Ct)OpMM  BHpo6iB  Heo6xiAHO  36ip  AaHMX  npOBaAHXM  3a 
AonoMoroK)  npoMeneBi-ix  npoeKniCi,  a  BiAHOEneHun  — 
ujaaxoM  no6yAOBw  cyMaptioro  3o6pa)KeHHH  (03)  b  npo- 
peci  aOopy  Aanux,  exe  He  e  kphthmhmm  ao  noniioxH 
sOopy  AaHHX,  xoHHocxi  BHMipraBaHHS  npoexuifi  i  c/iy- 
jKHTb  HK  noinyxoBe  p,nB  BHBBaeHHfi  aHoMaxibHMX  o6;!ac- 
xeR  iLiJiexoM  4)i/ibxpai4ii'  03, 

Po3po6/ieHi  xexHo/iorii  BHSHaneHHfl  HP  0MX  Maxepiajiy 
6a3y!oxbCB  na  soHAysaHHi  BHpo6y  no3AOB>KHiMM,  norie- 
peHHHMH  xa  nOBepXHBBHMM  XBH/IBMM;  BHMipiOBaHHi 
npoeKpifi  {naciB  noiisHpenne  xa  aMnaixyAHHX  napa- 
MexpiB  yAbxpasByKOBoro  CHruany);  peKOHCTpyKpii  xo- 
MO-  HM  OpTorpa(l)iHHHX  306pa>KeHb  np  aKyCTHHHHX  xa- 
paKxepHCTPK  (iJJBMAKOcreR  noiAnpeHHB  xa  sracaHHB 
pi3HMX  XHniB  yjibTpaaeyKOBHX  XBn;ib)  xa  noOyAOBi  na  oc- 
HOB!  uboro  np  OMX  MaxepwaBy  (npyxHWX,  MipHicHHX, 
cxpyKxypuMX,  TexHonoriHHMXxa  iH.). 

Ann  HKj’ncxoBoro  BMpoOy  npH  oAnocxoponHboMyAoc- 
ryni  sanponoHOBaHO  AsepKanbHO-xiHbOEHH  Mexoq 
(flTM)  36opy  AanMX,  BKOMy  BxtacxHBiiR  oOwexeuHR  pa- 
Kypc. 

Ha  ocHOBt  npoeKiiiMHo'i  xeopeMM  noKasano,  ipo  b  pe- 
ayjibxaxi  sOopy  npoexpiM  flTM  oxpHMysMo  iHct^opManiio 
npo  cnexxpa/ibHuri  CK/iaq  noaiyKOBOi'rtiyHKui'i,  OKpiwxHX 
CKAaAORHX,  BKi  BxoAfixh  B  KOHyc  3  BepujHHOlo  Ha  noHax- 
Ky  KoopAHHar  xa  xyxoM  npM  eepiuHHi,  bkhh  BHSua- 
HaeibCH  paxypcoM  36opy  a^hhx.  HaR6i.nbiJie  iH0op- 
Maui'i  npo  np  ft'MX  MioxnTbce  b  qaHMx  npH  MaxcHMajib- 
HOMy  paxypci  bboav  soHAytoHoro  CHrna/iy,  ipo  ao3bo- 


the  magnetic  pig  is  shown,  that  makes  It  possible  to 
evaluate  the  residual  strength  and  to  take  decision  about 
need  in  repair. 


ULTRASONIC  COMPUTER  TOMOGRAPHY  OF  WEL¬ 
DED  STRUCTURES.  V.Koshevoy,  Z.Nazarchuk,  E.Kri- 
vln,  I.Romanishin,  A. Gudko,  V.Kuriy  (G.V. Karpenko  Phi- 
sico-mecanical Institute,  Lviv,  Ukraine).  Paper  is  devoted 
to  the  new  technologies  of  NDT  of  welded  metal  struc- 
ture.s  using  principles  of  an  ultrasonic  computer  tomog¬ 
raphy  (USCT).  The  mentioned  technologies  open  up  new 
feasibility  in  increasing  the  level  of  a  technical  diagnos¬ 
tics  (TD)Vv'hich  do  not  only  reveal  defects,  but  also  define 
the  heterogeneous  spatial  distribution  (SD)  of  physico- 
mechanical  characteristics  (PhMCh)  of  material  in  the 
product  volume  which  is  limited  in  using  traditional  NDT. 

!  Among  the  objects  of  testing  with  heterogeneous  SD  of 
i  PhMCh,  tlie  sheet  products  with  welded  joints  are  most 
typical. 

Nev/ technologies  of  NDT  of  welded  joints  are  presented 
which  are  based  on  principles  of  USCT,  They  provide 
SD  of  PhMCh  of  material  in  a  real  time  including  scalar 
and  tensor  characteristics.  Theoretical  and  experimental 
results  were  obtained  in  the  development  of  the  ultra¬ 
sonic  tomograph  UST-2000  designed  for  NDT  of  sheet 
products  with  welded  joints  at  a  single-sided  access. 
The  investigations  showed  that  to  provide  high  efficiency 
of  NDT  and  versatility  of  UST  as  to  the  shape  of  products 
the  data  should  be  accumulated  using  beam  projections, 

;  while  reproduction  of  data  -  by  a  construction  of  a  total 
image  (Tl)  during  the  process  of  data  acquisition  which  is 
not  critical  for  a  complete  data  acquisition,  accuracy  of 
measuring  projections  and  serves  as  searching  means  for 
revealing  the  anomalous  areas  by  filtration  Tl. 

The  developed  technologies  of  determination  SD  of 
PhMCh  of  material  is  based  on  probing  of  the  product 
by  longitudinal,  transverse  and  surface  waves;  measu¬ 
ring  of  projections  (times  of  extension  and  amplitude 
parameters  of  ultrasonic  signal);  reconstruction  of  to- 
;  mographic  and  orthographic  images  of  SD  of  acoustic 
characteristics  (rates  of  extension  and  damping  of  dif¬ 
ferent  types  of  ultrasonic  waves)  and  construction  of  SD 
of  PhMCh  of  material  on  this  basis  (elastic,  strength, 
structural,  technological,  etc.), 

A  mirror-shadow  method  (MSM)  of  data  acquisition 
which  is  characterized  by  a  limited  foreshortening  has 
been  suggested  for  NDT  of  sheet  products  at  a  single¬ 
sided  access. 

On  the  basis  of  a  projection  theorems  it  is  shown  that 
as  a  result  of  acquisition  of  projections  by  MSM  the 
information  is  obtained  about  the  spectral  composition 
of  the  searching  function  except  those  components 
which  are  included  into  a  cone  with  an  apex  at  the  be¬ 
ginning  of  coordinates  and  an  angle  at  the  apex  which 
is  determined  by  a  foreshortening  of  data  acquisition. 

•  The  most  part  of  information  about  SD  of  PhMCh  is 
contained  in  data  at  a  maximum  foreshortening  of  a 
;  probing  signal  input  that  makes  it  possible  to  be  limited 
j  with  one  angle  of  input  at  a  practical  realization, 
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jisie  o6MexMTHCb  oahmm  KyroM  BBOfly  npn  npaicTHBnin 
pea/iisani'i. 

Ha  ocHoni  TeopeTUBHMX  flocjii;4)Kenh.  poapo6BeHO 
e4)eKTHBHHM  a/iropnTM  peKOHCTpyKi4ii  noujyKOBoro  HP 
ct>MX  MaiepMany  b  o6'eMi  iincTOBoro  BMpo6y  npi-i  ofl- 
HopaKypcHOMy  36opi  flanux  <'B  Konyoi"  na  6a3i  o6ep- 
neHoro  npoeicryBaniifi  i  cfiopMyBaHHB  C3. 

Mox/iHBOCTi  BiflHOBBenHB  HP  OMK  MaTopiany  b  oS'eMi 
BMpo6y  Ha  Saai  po3po6/ieHHx  MeTOflia  niATBepflxceHO 
HMce/ibHHM  MOfle/iioBaHHBM  Ta  eKcnepi'iMeHTaMH, 
Po3po6/ieHO  MOASPb  yST  n  UST-2000  p,m  HK,  bkhh  Mae 
BHSHanaTH  HP  axycTHHUHX  xapaicrepMCTiix  i  no3B’H3ani  3 
HMMU  ctiMX  Maaepiany,  Taxi  bk  npyxHi  (MOA'/ai  npy>K- 
HOCTi),  MlnUlCHi,  TeXHOaoriBHi  (TBOPAiOTb),  CTpyiOypHi 
(porjMip  sepHa,  cjyniHb  MixKpMcraaiTHoT  AsrpaA^Lu'i')- 
npRABTaBBRUo  oKcnepMMeHTaabHO  BiAaoraeHi  3o6pa- 
xeHHB,  orpuMani  MaTOBCTocTiHHOMyaHCTOBOMy  apasiw, 

HEPA3PyUJIAIOIHWM  KOHTPO/lb  KAMECTBA  KOM- 
n03MTHblX  TPVE  METOAOM  3/lEKTPOHHOM 
lUMPOrPAOMM.  fl.  M.  /Io6aHon,  B.  A.  HuBTopaK,  M,  B. 
XHAHer;,  E  M-  Onetmm  (I/Ih-t  aneiapocp.apKH  E.  O. 
riBTOHa,  r.Ki^en,  VKpaMHa).  B  coBpoMGHHbix  oTpacaax 
npoMbiujaenHocTH  uJi/ipoKoe  npnMenoHHe  HaxoABT 
KoMnoaHTHbie  MaTepiianbi.  flpH  HcnojibsoBaMMH  a^e- 
MGHTOD  KOHCTpyiCUMri,  M3rOTOBBeHHb!X  H3  K0Mn03HTHblX 

MaTepMajlOB,  saxHUM  anjiBeTcn  o6BcneMGHi'ie  hx  xa- 
HecTBa  M  pa6oTocnoco6HOCTH.  B  cbbsh  c  3thm  paspa- 
6o7Ka  M  conepuieHCTBOBaHHe  Hopaapyu.iaioiUMX  wexo- 
AOB  MX  AHarHOCTHKM  no-npeXHeMy  ocxaKJTCf!  aKxya/ib- 
HblMM. 

B  nocneAHMe  roAbi  HHTencuHno  paaBMDaioTCii  6ecKoi!- 
xaKTHhtG  MGTOAbi  Hepa3pyi.uaiouj,ero  kohtpobb  xaBecT- 
Ba  Ha  ooHOBe  sneKxpoHHOM  LUMporpact)MM, 
UJMporpactiMHGCKaB  MexoAMKa  Hepaapyiiiatoiuero  koh- 
xpojiB  ocHOBaHa  na  cpaBHCHMM  AByx  cnexxi-xapTHH  mc- 
cAeAyeMoti  nofiepxHOCi'M,  sariMcaHHWx  b  mcxoahom  m 
HarpyxeiiHOM  oocTORHMM  o6'beKxa.  noAyBRiiHbiG  HaMo- 
HMXopGKOMnbioxepa  MHXopcfiepeHAMotiHi.ienoAocbi  hg- 
cyx  MHctJopManmo  o  pacnpeAGAGHMH  AGci>opMaAMM  no 
nonepxHOCTM  KoiixpoAMpyeMoro  o6xieKTa.  B  oxAi/im/ie 
ox  roAorpactiMBGCKOM  MHxepcfjepoMeTpMM,  HOBaa  mgxo- 
AMica  aAGKTpoHHOM  njMporpa(t)MM  Meiiee  HyBOTBMXGAb- 
Ha  K  BM6paUWBM  M  CMGLUeHMBM  oSliGKXn  KaKXeCXKoro 
AGAoro.  3x0  nosBOAAGT  McnoAbaoDaxb  gg  xax  s  Aa6o- 
paxopi-ibix  ycAOBHfix,  rax  m  na  npoMSBOACTRe. 
npoAoxasAeiibi  peayAbTaxbi  sKcnepHMeuxoD  no  kohx- 
poAK)  xanecTBa  xoMno3MTHbixxpy6  A^'^'wiexpoM  1 00  ^ylM 

0  McnoAbsoBaHMGM  oAGXxpoHMOM  uiMporpaftiMM,  floxa- 
aanbi  nopcnexTHBbi  npMMeneHMf)  pa3pa6oxaHHoti  mo- 
TOAHKM  A^^  MCCAGAOBaHMA  XOHCXpyXUMM,  MOrOTOBAGH- 
Hbix  M3  paaAMMHbix  MaxepMaAOB. 

ABTOMATMHECKMii  KOMnbfOTEPHbiM  AHAJ1M3 
rO/lOrPAOMHECKMX  MHTEPOEPEHUMOHHbIX 
KAPTMH  nOJIOO  nPM  HEPASPyiilAKJlHESVI  KOHT- 
PO/IE  KA4ECTBA  MATEPMA/lOB  M  KOHCTPYK- 
LlMM.yy.  M.  f1a6anoa,  B.  A.  PtmTopaK,  B.  Csbi'IUKuw, 
n.  fl.  KporeHKo,  E.  M.  OnePiHMK  (I^h-t  oneKipocaapm 
WM.  E  O.  naroHB,  r.Ki^en,  VKpawia).  Aab  HGpaspyioa- 
louJiero  KoiixpoAA  xanecTBa  sagmontob  m  ysAOB  koho- 
XpyXAMM,  MaroTOBAGtlHblX  M3  MGTaAAMMGCXMX  M  KOMHO- 
3MAMonnbix  MaxepMaAon,  uiMpoxo  McnoAbsyKJXcB  mg- 
xoAbi  I'OAorpactH/isecKOM  MHTep(f>epoMeTpMM, 

K  HMCAy  rioAoxMTeAbiibix  xaMecxB  roAorpai-l5Mxecx!ix 
MGXOAon  HGpaspymaiou^Gro  xonTpoAfi  othooatca  bo3- 
MOXCHOCTb  npOCTOro  BMSyaAbHOro  HaeAlOAGHMA  B  pe¬ 


on  the  basis  of  theoretical  studies  an  effective  algorithm 
of  reconstruction  of  a  searching  SD  of  PhMCh  of  material 
in  the  volume  of  a  sheet  product  at  a  single  fore¬ 
shortening  at  acquisition  of  data  "in  cone"  on  the  basis 
of  reversible  projection  and  formation  of  T!  is  developed. 
The  feasibility  of  reproduction  of  SD  of  PhMCh  of  ma¬ 
terial  in  the  product  volume  using  the  developed  met¬ 
hods  was  confirmed  by  a  numerical  modelling  and  ex- 
I  periments. 

LIST  model  and  UST-200  for  NDT  v/ere  developed  which 
are  designed  for  determination  of  SD  of  acoustic  char¬ 
acteristics  and  associated  PhMCh  of  material  such  as 
elastic  (modulus  of  elasticity),  strength,  technological 
(hardness),  structural  (size  of  a  grain,  degree  of  a  in- 
tercrystalline  degradation).  Experimental  reproduction 
of  images  obtained  on  thick-walled  sheet  sample  is  pre- 
I  sented. 

i  NON-DESTRUCTIVE  QUALITY  CONTROL  OF  COM- 
POSSTE  PIPES  USING  THE  METHOD  OF  ELECTRON 
SHEAROGRAPHY.  LM. Lobanov,  V.A.Pivtorak,  I.V.Kiy- 
anots,  E.M.OIeinik  (The  E.O.Pafon  Electric  Welding  In¬ 
stitute,  Kyiv,  Ukraine).  Composite  materials  find  a  wide 
application  in  advanced  branches  of  industry.  When 
structure  elements  made  from  the  composite  materials 
are  used,  it  is  important  to  ensure  their  quality  and  serv¬ 
iceability,  In  this  connection,  the  development  and  im¬ 
provement  of  non-destructive  methods  of  their  diagnos¬ 
tics  remain  actual. 

During  recent  years  the  contactless  methods  of  non¬ 
destructive  quality  control  on  the  basis  of  the  electron 
shearography  are  developed. 

The  shearographic  method  of  the  non-destructive  ex¬ 
amination  is  based  on  the  comparison  of  two  speckle- 
patterns  of  the  surface  examined,  recorded  in  initial  and 
loaded  states  of  the  object.  Interference  fringe  patterns, 
obtained  on  the  computer  monitor,  contain  information 
!  about  the  distribution  of  strains  over  the  surface  of  the 
object  examined.  Unlike  the  holographic  interferometry, 
the  nev/  method  of  the  electron  shearography  is  less 
sensitive  to  the  vibrations  and  displacements  of  the  ob¬ 
ject.  This  aliov/3  this  method  to  be  used  both  under  the 
laboratory  and  industrial  conditions. 

The  results  of  experiments  on  quality  control  of  compo¬ 
site  pipes  of  100  mm  diameter  using  the  electron  she¬ 
arography  are  presented.  Prospects  of  application  of 
the  method  developed  for  examination  of  structures 
i  made  from  different  materials  are  shown. 


AUTOMATIC  COMPUTER  ANALYSIS  OF  HOLOGRAP¬ 
HIC  INTERFERENCE  FRINGE  PATTERNS  IN  NON¬ 
DESTRUCTIVE  QUALITY  CONTROL  OF  MATERIALS 
AND  STRUCTURES.  L.M. Lobanov,  V.A.Pivtorak, 
V.V. Savitsky,  P.D.Krotenko,  E.M.OIeinik  (The  E.O.Paton 
Electric  Wolding  Institute,  Kyiv,  Ukraine).  Methods  of 
holographic  interferometry  are  widely  used  for  the  non¬ 
destructive  quality  control  of  elements  and  members  of 
structures  made  from  metallic  and  composite  materials. 
Among  the  advantages  of  the  holographic  methods  of 
non-destructive  testing  it  is  possible  to  distinguish  a  sim¬ 
ple  visual  inspection  of  the  interference  fringe  patterns 
in  a  real  time  over  the  v/hole  field,  adaptability  to  exami¬ 
nation  of  objects,  having  an  intricate  shape,  and  also  an 
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anbHOM  MacmTa6e  BpsMeHU  KapTMHW  MUTepcJiGpeH- 
UMOHHbix  nojioc  no  Bcewy  no^iio,  npi-iNionMMocTb  k  hc- 
cneflOBaHHK3  o6'beKTOB,  MMeiouj,MX  c/toxHyio  cfjopMy,  a 
TaioxeoTCVTCTBMe  cnenManbHbiXTpofioBaHwn  Ko6pa6oT- 
xe  noBepxHocTu  Mcc/ieAyeMbix  oSbexTos  n  flp.  Tonorpa- 
(t)nyGCKaFi  nuTopcfiepoMeTpMB  moxot  scfictieKTMBHo  npn- 
MeHSTbca  Ann  nepaapyaiaioiAsro  xonTpoan  b  cnyMae,  ec- 
nn  Ha/iMMne  Ae4)eKTa  npneoAbiT  xaHOMajibHon  Kapinne 
MHTGpcijepeHUAOHHbix  noAoc  npn  HarpyxeHMW  o6beiaa. 
KanecTBeHUbiM  aHariKS  xapiUH  nosBo/ineT  onpeAenwTb 
Hannnne  AetfieKTOB  b  KOHTpo/inpyeMOM  o6'beKTe. 
npeAcraBnena  noean  MeTOAUxa  asTOMaTHMecKOH  o6- 
pa6oTKM  roAorpactDunecKnx  nHTep4)epeHHHOHHbix  xap- 
TMH  no.noc  Ha  ochobs  ncnojibsoEaHun  npeo6pa30BaHMn 
cpypbe,  npeAnaraewan  weTOAnxa  noaBoaneT  ycxaHo- 
BnTb  6e3  npHMeneiinn  cneHHanbUbix  npwSopoB  (raxiix 
Kax  MOAyanTop  HacTOTbi)  none  (})a3  no  noBepxHocrn 
MCcaeAyeMoro  oebexta.  AanbHetiuinn  KOMnbioTepnbiM 
aHaan,3  AaHHbix  Aaer  BoaMoxHOCTb  nocTpoMTb  noeep- 
XHOCTb  nepeweiAenHfi  Ae45opMMpoBaHHoro  o6be!<Ta, 
no  KOTopon  moxho  cyAHTb  o  Haaimnn  Ae4>eKTOE. 
iloKaaanbi  npuMephi  npMMeHennn  npeAnaraeMoft  mbto- 
AMKM  npx!  KOHjpoae  SAeMOUTOB  CBapHbIX  KOHCTpyKUKM  n 
nepcnexTnsbi  iicnoabaoBaHnn  aBTOMaTHMecKoro  ananv\- 
aa  nHTep(t)eporpaMM  Ann  nepaapyujaioLuero  xourpoan 
KaHGCTsa  paaanHHbix  MaTepMaaos  n  KOHCTpyKUHP. 

HEPA3PyiUAK)»JUMM  KOHTPO/Ib  KAHECTBA  3/IE" 
MEHTOB  C50PKM  AMCTAHUlMOHliPyK5mEM  PE- 
lUETKPS  C  MCnOJfbSOBAHHEMI  rO/IOrPA(J>MHIEC- 
KOMMHTEPiJSEPOIVIETPMM.y?.  M.  Jlo6aHOB,  B.  A.  Hkc- 
TopaK,  r.  I/S.  TKa^yK.  B.  T.  SOp’-ieHKO  (TSh-t  sneKTpoc.Bapm 
hm.'E.  O.  rSaTona,  r.Ki^es,  S/Kpaiina),  B.  H.  LLIhujkiw  (Ha- 
yHH.-rexH.  peurp,  r.Xe/iTbieBOflbi,  VKpai/iaa).  flpoACTat!- 
aeHbi  poayabTaTbi  npnMeHeHun  motoah  roaorpatpuMec- 
KOM  MHTeptfiepoMeTpuM  Ann  SecKOHTaKTHoro  Hepaapy- 
UJarouJ,ero'KOHTpoan  KanecTBa  CBapHbixsneweHTOB  amc- 
jaHiJinoHi'ipyiouA'ix  petneTOK.  flan  npoEeASHnn  xoHTpoan 
pa3pa6aTaHbi  h  cosAaHbi  onTnaecKuo  cxoMbi  n  yciponc- 
rea,  npn  noMomu  KOTopwx  3apemcTpnpoBaHa  aoxaab- 
Han  KOHneHTpapnn  nepewieiJUSHiiM  b  30iiaxAe4)eKT0B  noA 
AOMCTBneM  TenaoBbix  narpysoK  npn  reMnepatypax 
50... 70  "C.  PaaaMHMn  B  KOHneHTpaunnx  nepeMeiASHHM 
6e3Aect)eKTHoro  n  Ae^^exTHoro  ynacTXoB  onpeAsanan  no 
xapxnHe  MHiepcJjepeHAnoHHbix  noaoc.  flpn  stom  Aan  no- 
ayHeHMB  hgtxom  xapTMHbi  MHTep4)epeHHHOHHbix  noaoc, 
xapaxrepnsyioiAMX  Ae^exrHOCTb  pemerxi^,  cosAaBaacn 
cnepnaabUbiM  OTpaxarau^ww  axpan.  Ann  perncTpapun 
ronorpaMM_  ncnoab30Bann  wanoradapHTHyio  xaMepy 
MrnoaeiiHon  aanncn  na  ochobo  awopcpuhix  Moaexyanp- 
Kbix  noaynpoBOAH'XKOB,  o6ecnG'-inBaioiAyio  Boatviox- 
HOCTb  MHoroxpaTHofi  aannoM  n  cTnpauHe  naoSpaxenuM 
c  peBepcHBHQCTbto  He  Menee  1000  UMKaoB. 

B  peayabTare  TeopeTiiHecxnx  nccaeAOBaHHM  ii  axcne- 
piiMGHTOB  OTpaOoTaHa  roaorpatjjuaecxaB  MeTOAMxa 
HepaapyujaiOLuero  xoHTpoan  AncTaHii,noHHpyKDLAnx  pe- 
LueTox,  noxaaaHa  nepcnexTnsHocTb  ro.norpac(>MHecxo- 
ro  MexoAa  KOHjpoan  xanecTBa  csapubix  AHCTaHunoHU- 
pyioiAHX  poijjeToK. 


absence  of  special  requirements  to  the  preparation  of 
surface  of  objects  to  be  examined,  etc,  The  holographic 
interferometry  can  be  used  effectively  for  the  non-des¬ 
tructive  testing,  it  the  presence  of  a  defect  leads  to  the 
anomalous  interference  fringe  pattern  under  the  object 
loading.  The  qualitative  analysis  of  patterns  makes  it 
possible  to  determine  the  presence  of  defects  in  the 
object  examined. 

The  new  method  of  automatic  processing  the  holograp¬ 
hic  interference  fringe  patterns  is  presented.  The  above 
method  can  establish  the  field  of  phases  on  the  surface 
of  the  object  examined  without  application  of  a  special 
device,  such  as  a  frequency  modulator.  The  next  com¬ 
puter  analysis  of  data  gives  a  feasibility  to  construct  a 
surface  of  displacements  of  the  deformed  object.  The 
j  presence  of  defects  can  be  judged  from  this  surface. 

I  The  examples  of  application  of  this  method  in  examina- 
!  tion  of  elements  of  v/elded  structures  and  prospects  of 
using  the  automatic  analysis  of  interferograms  for  the 
non-destructive  quality  control  of  different  materials  and 
structures  are  shown. 


NON-DESTRUCTIVE  QUALITY  CONTROL  OF  AS¬ 
SEMBLY  ELEMENTS  OF  A  SPACING  GRID  USING 
THE  HOLOGRAPHIC  INTERFEROMETRY,  L.M.Loba- 
nov,  V.A,Pivtora/<,  G.l.Tkachuk,  V.G. Yurchenko  (The 
E.O.Paton  Electric  Welding  Institute,  Kyiv,  Ukraine), 
V.N. Shishkin  (Research-Engineering  Center,  Zhyoltye 
Vody,  Ukraine).  Results  of  using  the  method  of  the  ho¬ 
lographic  interferometry  for  a  contactless  non-destruc¬ 
tive  control  of  welded  elements  of  a  spacing  grid  are 
presented.  To  perform  the  control,  the  optical  schemes 
and  devices  have  been  developed  which  could  record 
a  local  concentration  of  displacements  in  the  zones  of 
defects  under  the  action  of  thermal  loads  at  tempera¬ 
tures  50-70'C.  Differences  in  concentrations  of  defect- 
free  and  defective  regions  were  determined  from  the 
pattern  of  the  interference  fringes.  In  addition,  a  special 
reflecting  screen  W'as  designed  for  obtaining  a  distinct 
pattern  of  the  interference  fringes  which  characterize 
the  grid  defectness.  A  small-sized  camera  of  an  instan¬ 
taneous  record,  based  on  amorphous  molecular  semi¬ 
conductors  was  used  for  the  hologram  recording.  This 
camera  provides  a  feasibility  of  a  multiple  recording  and 
erasing  of  images  with  a  reversivity  of  at  least  1000 
cycles. 

The  theoretical  studies  and  experiments  resulted  in  an 
1  updated  holographic  procedure  of  a  non-destructive  ex- 
I  amination  of  the  spacing  grids.  The  prospects  of  using 
I  the  holographic  method  for  the  quality  control  of  welded 
j  spacing  grids  are  shown. 
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KOMn/lEKCHbIM  HOflXOA  B  flMArHOCTl^KE  TEX- 
HMHECKOrO  COCTOMHMS!  TPyBOPIPOBOAOB 
nPM  AYSK  CTbIKOBbIX  CBAPHbIX  LUBOB.  B.  B. 

HaLifia,  B.  A.  (Bi'imnnoHKOB,  B.  B.  T erbMaH  (Rh-t s/ieK- 
TpocBapKvt  MM.  E.  O.  flaroHa,  r.KMSB,  VKpaMHa),  B.  M. 
ribiujHhiM  (SneproaTOM  KOHrpo/ib-cepBMC,  r.SHepro-  \ 
flap,  VKpaMHa),  B.  M.  Topon  (Hayn.-TexH.  peHTp  Mare-  | 
pManopefl.  conpoBox^fleuMP  np-oa  m  cepTM<pMKanMM  ; 
o6opyfl.  A3C,  r.KMes,  yKpaMHa).  B  nponecce  fljiwrenb-  ! 
Hoii  sKcn/iyaxanMM  Tpy6onpoBonoB  b  ceapHbix  u.max 
BOBHMKaiOT  n  pasBMBaioTCB  noKajibUbie  flGtfieKTfai,  cpe-  ; 
flU  KOTOpbIX  flOMMHUpytOLpUMH  flBBBKlTCB  yCTaBOCTHblB  ; 
TpeunnHbi  M  KoppoanoHHbie  noBpe>Kv;5eHMn,  fla^bwefi-  . 
ujaB  pa6oTocnoco6iiocTb  TaKHX  Tpy6onpoBonoB  o6ec- 

neBUBaGTC.B  aa  cmbt  pGMOHTiio-BOCCTaHOBHTe.nbHbix 
pa6oT,  KBaBi^c|)MHnpoBannoe  npoeefleiine  KoTopbix 
BOSMOXHOBUlUb  Ha  OCHOBaHMH  pesy/ibTaTOB  TeXHHMeC- 

Koro  fluarnocTHpoBauMH.  rioKaaaHo,  hto  abb  peiueuMfi  ; 
STOH  Safla'IM  TpRfiVGTCF!  npMMeHetlHe  CpSA^TB  aBTOME" 

TMSHpoBaHHoroyBbTpaaByKOBoro  kohtpoab  (AYSK)  xax 
HaM6oAeeac^4)eKTHBHo^o  MeroAa  o6Hapy>KeHMB  oco6o 
onacHbix  Ae4’->^oB  (rpeiAMH),  xapaKiepHayeMoro  bu- 
COKOM  AOCTOBCpHOOTblO  pG3yJlbTaT0B,  a  TaiOKB  KOMFlb- 
lOTepHbix  aKcriepTHbix  OMCTew  pm  npHUfiTMa  npaBi-iab- 
Hbix  peiueiiMpi,  xacaioiMMXCB  Aa^bHeHiUGH  GKcnaya- 
TapHM  xpySonpoROAa  hah  ero  pewonxa, 

PaCCMOXpeHbl  BOSMOXHOGXH  COBpGIVieKHbIX  CpGACTB 
AYSK,  paapafioxanHbix  B  H3C  HM.  E.  O,  flaxona,  axaioKe 
opHTHnanbUbix  KoHcxpyxnHH  yAbxpaanyKOBbix  xoaobok, 
npMMGHBGMbix  B  axMX  cMcxGMax,  noKaaanbi  npeHMy- 
meoxsa  HX  HCnOAbSOBaHHS.  3A6KXpOHHafl  MaCXb  CHC- 
XGMbi  AY3K  BiiinoAHGHa  Ha  6a3G  HHAVOXpHaAbHoro 
KOMnbtoxepa.  B  cxpyxxypy  annapaxHon  mhcxh  aaaoxeH 
npMHUHn  AHcxaituMoiiHoro  pasAeAeHHB  KOMnoHGUxoB 
CMCXGMhi  AY3K,  4X0  nosBOABGX  JierKO  moah4)HHHPO- 
Baxb  cHCXGMy  noA  paaAHHUbie  ofibGKxw  kohxpoab. 

B  xoAG  aiiaaHsa  m  o6pa6oxKH  cnrnaAOB  npoHSEOABXcH 
HASHXHCjM'lKaUHB  Ae't'eKXOB,  BblBHOAGHHe  HX  napaN4eX-  I 
poB  H  KoopAHnax.  KpoMG  xoro,  aBXor/iaxH3au.i'iB  YSK  c  ■ 

npHMGHGUHGM  COOpGMGHHOH  KOMnblOXepilOH  XGXHHKH  ^ 
o6ecne‘iMBaex  cpeACXBaw  KonxpoAB  oAeAyiouj,He  ho-  , 
Bbie  BO3MOXH0CXH:  j 

•  nporpaMMupoFjaHne  m  3anoMHiianHe  bcgx  napawex-  | 
poB  pexHMa  pa6oxbi  rapaiixnpyex  BocnpoMOBOAH- 
Mocxb  pexHMa  kohxpoah  npn  nooxopiibix  HcnbixanHfix; 

•  cl)MKoanHB  B  naMfixH  napawexpoB  pGX<HMa  pa5oxbi 
no3ROABGX  npoHsnoA.MXb  6b!oxpy)0  h  xo4nyio  KanH6poB- 
Ky  H  HanxpoHxy  cHcxeMbi  kohxpoab  paxe  npn  HG6Aa- 
ronpHBXHWx  ycjioBHsnx  pa6oxbi; 

•  npoBOAHMbie  6e3  ynacxHB  onepaxopa  o6op  h  o6pa- 
SoxKa  AanHbfx  nosBoaBtox  BbiAanaxh  o6beKXHBnoG  sax- 
akjmghhg  no  peayabxaxaM  kohxpoab; 

•  HaKonAGHHG  peayabxaxoB  KOHxpoAsi  b  xgmghhg  Bcero 

nepMOAa  sKcnAyaxanHH  o6'bGKxa  A'Igt  BosMoxHocxb 
Ha6AioAaxb  pasBHxne  AecfieKxoB,  4xo  hgo6xoahmo  aab 
onpeAeneHHB  cjiaKXHMGOKoro  ocxaxoBHoro  pecypoa  i 
cAyxSbi  xpyGonpoBOAOB;  I 

•  3Ha4HxeAbHoe  cunxeiine  bpgmghh  Korixpo/m  nosso-  ! 
AHGX  OOyiJ.ieCXBAflXb  60ACG  HaCXblH  H  nOAHhlH  KOHXpOAb  j 

npn  BbinoAHGHHH  HAaHOBO-npeAynpeAHxeAbHbix  pe-  ! 
MOHXOB  xpy6onpoBOAOB  (HanpMMep  Ha  A3C);  j 

®  MMGGXCn  B03M0XH0CXb  DOAyHaXb  H306paXeHHB  pe-  i 
ctFGKXOB  H  iia  HX  ocHOBG  co3Aanaxb  KaxaAoxH  sKcnaya-  j 
xapMOHHbix  Aoct>GKXon,  xapaKXcpHhix  pnr\  AaiiMoro  xpy- 
6onponoAa; 


INTEGRATED  APPROACH  !N  DIAGNOSTICS  OFTEC- 
HNICAL  CONDITION  OF  PIPELINES  AT  AUTOMATED 

UST  OF  BUTT  WELDS.  V.L.Naida,  V.A.FilIppenkov, 
V.V.Getman  (The  E.O.Paton  Electric  Welding  Institute, 
Kyiv,  Ukraine),  V.M.Pishnyl  (Energoatom  control-servi¬ 
ce,  Energodar,  Ukraine),  V.M.Torop  (Research  and  Tec¬ 
hnology  Center  of  materials  science,  production  super¬ 
vision  and  NPS  equipment  certification,  Kyiv,  Ukraine). 
Long-term  service  of  pipelines  leads  to  initiation  and 
propagation  of  local  defects,  with  the  fatigue  cracks  and 

corrosion  damages  dominating  among  them.  Thefurther 

sen/iceability  of  these  pipelines  is  provided  due  to  repair 
-  restoration  works  whose  performance  is  possible  only 
on  the  basis  of  results  of  a  technical  diagnostics.  It  is 
shown  that  to  solve  this  problem,  the  means  of  an  ef¬ 
fective  method  of  detection  of  hazardous  defects 
(crack.s)  with  a  high  validity  of  results,  and  also  computer 
expert  systems  for  taking  the  right  solutions  concerning 
the  further  setvice  of  pipeline  or  its  repair,  are  required. 
The  capabilities  of  advanced  means  of  AUST  developed 
at  the  Palon  Institute  and  also  unique  designs  of  ultra¬ 
sonic  heads  used  in  these  systems  are  considered  and 
the  advantages  of  their  application  are  shown.  The  elec¬ 
tronic  part  of  the  AUST  system  is  based  on  an  industrial 
computer.  The  hardware  structure  is  based  on  a  prin¬ 
ciple  of  a  remote  separation  of  AUST  system  compo¬ 
nents,  that  can  modify  the  system  easily  for  different 
objects  of  control. 

In  the  course  of  analysis  and  processing  of  signals  the 
identification  of  defects,  calculation  of  their  parameters 
and  coordinates  is  performed.  In  addition,  the  automat¬ 
ion  of  UST  using  an  advanced  computerized  equipment 
provides  the  following  new  opportunities  for  the  mean.s 
of  control: 

•  programming  and  storing  of  all  parameters  of  opera¬ 
tion  conditions  guarantee  the  reproducibility  of  the  con¬ 
trol  conditions  at  repeated  tests; 

•  storing  in  memory  of  operation  condition  parameters 
provides  a  quick  and  precise  calibration  and  setting  of 
controi  system  even  at  unfavourable  operation  conditi¬ 
ons; 

•  acquisition  and  processing  of  data  without  involvement 
of  operator  permit  issuing  of  objective  report  from  the 
control  results; 

.  accumulation  of  control  results  during  the  whole  period 
of  the  object  service  gives  a  feasibility  to  observe  the 
propagation  of  defects  that  is  required  for  determination 
of  a  real  residual  service  life  of  the  pipelines; 

•  significant  reduction  in  control  time  makes  it  possible 
to  perform  more  frequent  and  complete  control  during 
fulfilment  of  scheduled-preventive  repairs  of  pipelines 
(for  examples  at  NPS); 

o  there  is  a  feasibility  to  produce  images  of  defects  and 
to  create  on  their  basis  the  catalogues  of  sei-vice  defects 
typical  of  the  given  pipeline; 

•  presence  of  interfaces  for  exchange  of  information 
with  working  stations  of  computer  networks  gives  a  fe¬ 
asibility  to  develop  a  structure  in  future  that  will  make  it 
possible  to  perform  the  exchange  of  information  from 
file  results  of  control  between  the  .subdivisions  of  nuclear 
pov/er  engineering  of  Ukraine  or,  for  example  authorities 
of  oil-gas  complex. 

As  the  parameters  which  characterize  the  objects  of 
diagno.stics,  defects,  loading  conditions  and  mechanical 
properties  of  materials  can  change  in  time,  then  strength 
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•  nariHMMe  HHTep^eiicoa  n/iq  o6MeHa  Mn4)opManneM  c 
pa6oMMMM  craHUMsiMW  BbmMc;iMTe;ibHb!x  cereM  flaer 
B03M0>KH0CTb  paSBUTMfi  B  nepcneKTMEPJ  CTpyKTypbl, 
no3Bo;iBioiueM  ocyiuecTB/iaTb  o6MeH  MHct:>opMauiMefi  no 
peayyibTaTaM  KOHxpo/iB  Mexfly  noflpasfle/ieHUBMH 
aroMHOM  snepreTHKM  yKpannu  m/ih,  nanpMMep,  ynpas- 
;ienMPMM  neftJTefaaoBoro  KOMnaeicca. 

riocKo/ibKy  napaMeipbi,  xapaKrepnayfoiuiie  oStexTbi 
fluarHOCTHKM,  fle(t>eKTbi,  yc/ioBHP  Harpyxemin  n  r/iexa- 
HHHecKwe  CBoficTBa  MaxepnaaoB,  mof^t  MSMeHPTbCP  so 
BpeMeuM,  TO  npOHHooTHoe  conpoBoxflenne  scfiifieK- 
THBHO  npn  yCJlOBPM  HCnOJIbSOBaHHB  KOMnblOTepHbIX 
cucTOM  ncK^'coTBenHoro  MHTe.nBeKTa, 

OnucaH  co3flaHHbitiflJiB  stom  uejiw  nporpawMHbifi  kom- 
n/iexc  «np04H0CTb«,  COCTOPUJ^Mil  H3  Tpex  OCHOBHbIX 
6pokob: 

•  CMCTeMbi  ynpaBTieuMB  6a3aMi'i  /laHHux  «MH4>opMa- 
UnoHHap  MOfle/ib  o6b,eCTa  AnarHocTHKM*,  npeflHaana- 
MeHHOM  flJlB  tpopMMpoSaHUP  M  EeflOHUP  OCHOBHbIX  6a3 
flaHHbix; 

•  «PacHeTHbix  MOflyneCi",  coctobiuhx  m3  nporpaMMHO- 
MOTOAHMeCKMX  KOMnAOKCOB.  rjiaBHblM  TpoeOBaHHeM  K 
paCMOTHblM  MOAVABM  BBAPeTCB  AOCTOBSpHOCTb  H  6blC- 
TpOAGHCTHMe  peUISHHfl  SaASB,  OpeHKa  npOHHOCTH  M 
pacHOT  AOAroBeHHOcTM  Tpy6onpoBOAa  c  o6Hapy3KeH- 
HblMM  Ae4>elCraMM  BblnOAHBlOTCB  Ha  OCHOBO  MSBOCTHblX 

noAXOAOB  XeMsyAa,  Ko4)c{)HHa-MeHCOHa  h  flspHca; 

•  «TexHOAorMHecKMX  saAaM  m  peKOMeHAaiJ,iiH»,  no3Bo- 
ABIOLUHX  oSoCHOBaib  npHHHMaOMblO  peiiieHHB,  a  TatOKO 
Bbipa6oTaTb  peKOMSHAaLtHM  no  6e3onacHo£i  axcnAya- 
TauHM  Tpy6onpoBOAOB, 

06'beAHHeHne  8  oahoh  annaparype  Ha  Case  3BM  aa- 
AaH  Hepaspyujaiomero  kohtpoap  h  axcnepTHoPi  openKM 
npOHHOCTM  noSBOABeT  KOMnAOKCHO  AHarHOCTHpOBaTb 
TexHHMecKoe  coctophhb  TpydonpoBOAOB, 

HEPCnEKTHBUbiE  PA3PA50TKM  M3C-®AKC  HO 
MEXAHMSALiMM  M  ABTOMATM3A(4M!.1  HK  CBAP- 
HbSX  COEflMHEHMM  M  WSATEPMAJIOB.  B.  Jl.  Hama, 
B.  A.  0ti.nnnnenKOB,  A.  C.  KoB6aceHKO,  O.  0.  Jlo6aHOB, 
B.  A.  HM)KeHKO,  A.  A.  MoBxyxnH  (Hh-t  aneiapocBapm 
i/iM.  E.  O.  riaJOHa,  r.K^es,  VKpaiiHa),  B.  M.  nbiLUHbiii 
(SiieproaTOM  Kaurpojih-cepBm,  r.Bneproj^ap,  yKpan- 
Ha).  OnbiT,  HaKonAenHbiCi  HauiMMH  opraHH3annBMH  b 
nponecce  cosASHMa  H  BueApeHna  na  HA3C  nepeon  b 
VxpaHHe  MHoroxaHaAbHon  cMcreMbi  aBToMaTHSHpo- 
sanHoro  yAbTpasByKOBoro  kohtpoaa  (AVSK)  cBapHbix 
KOAbpeBbix  UJBOB  TpySonpoBOAOB  nepBoro  KOHxypa  ox- 
AaxAeHMA  peaKTopa  PEMK-1000  Ha  dase  nepoonaAb- 
Horo  KOMObioTopa  (KOMnAOKca  HK1 93),  nosBOABei  noc- 
TOBHHO  paClUnpATb  cctsepbl  npnMOHHMOCTH  BblHHCAM- 
TOAbHOH  TeXHHKM  B  HepaSpyUJaiOLAeM  KOHTpOAe  (HK) 
MarepHaAOB  n  ceapubix  coeAWHeHHft.  HcnoAbsoBaHwe 
KOMnblOTepHbIX  CTaH!4nti  Tuna  850CT,  a  Tatoxe  cosAa- 
HHe  AeftsK^cicKonHHecKOM,  nnTaiomefi  n  ynpasABio- 
LpeCi  cocTasABioLAHX  aETOMaTManpoBatiHbix  cucTeM  Ha 
daae  CTaHAapTHbix  KOMnAeicryiomHX  nosBOAHAo  ynw- 
4)i/ii4HpoBaTb  oAeKTpoHHyio  annapaxypy.  PeiuenMo  ho- 
Bbix  xexHOAornMecKHX  M  MGTOAOAoniHecKHx  saAaB  npn 
MexaHHsnpoBaHHoi)  h  aBTOMaTM3npoBanHovi  AscfieK- 
TocKOHHH  (MA^i,)  cboahtcb  k  paspadoTKe  cxaHHpyio- 
mHX  ycxpoOcTB  M  K  aAanxanHH  sASiapoiiHoCi  annapa- 
xypbi.  Hmghho  xaKHM  odpasoM  na  daae  KOMnAexca 
HK193  B  KopoTKMe  cpoKM  dbiAa  cosAana  yunKaAbnan 
ycxaHOBKa  HK300  aab  AVSK  ceapHbix  iuboe  v\  ochob- 
HoroMexaAAa  ctoakob  BepxHeroxpaKTaxexHOAorHHec- 


analysis  is  effective  when  the  computer  systems  of  an 
artificial  intellect  are  used. 

A  program  complex  “Strength”  consisting  of  three  main 
units  developed  for  this  purpose,  is  described; 
t  "Information  model  of  object  of  diagnostics"  system 
of  data  base  control  designed  forformation  and  updating 
the  main  data  bases: 

•  "Calculation  modules”  consisting  of  program-metho¬ 
dological  complexes.  The  main  requirement  to  the  cal¬ 
culation  modules  is  a  validity  and  quick-respon.se  of  so¬ 
lutions  of  problems.  Estimation  of  strength  and  calcula¬ 
tion  of  service  life  of  pipeline  with  defects  revealed,  are 
made  using  known  approaches  of  Haywood,  Coffin- 
Man.son  and  Paris; 

•  ‘Technological  tasks  and  recommendations”  which 
I  allows  substantiation  of  the  taken  solutions,  as  well  as 

Issuing  recommendations  on  safety  of  pipeline  service. 
The  combination  of  NOT  tasks  and  expert  estimation  of 
strength  in  a  common  computer-based  equipment  make 
I  it  possible  to  diagnose  intergrally  the  technical  condition 
I  of  pipelines. 


CHALLENQINQ  DEVELOPMENTS  OF  THE  PATON  IN¬ 
STITUTE  AND  EACS  ON  MECHANIZATION  AND 
AUTOMATION  OF  NDT  OF  WELDED  JOINTS  AND 
I  MATERIALS.  V.L.Naida,  V.A.FUippenkov,  A.S.Kovba- 
\  senko,  O.F.Lobanov,  V.A.  Chizhenko,  A. A.  Mozzhukhin 
i  (The  E.  O.  Paton  Electric  Welding  Institute,  Kyiv,  Ukraine). 

\  V.M.  Pyshyi  (Energoatom  control- service,  Energodar, 

I  Ukraine).  The  experience  gained  by  our  organisations 
i  In  the  process  of  creation  and  implementation  of 
I  Ukraine's  first  multichannel  system  of  automated  UST 
;  of  welded  circumferential  welds  of  pipings  of  the  first 
i  loop  of  cooling  the  RBMK-1000  reactor  on  the  basis  of 
i  a  persona!  computer  (NK-193  complex)  at  Chernobyl 
i  NPS  makes  it  possible  to  widen  continuously  the  spheres 
!  of  adaptibilily  of  computer  engineering  in  NDT  of  mate- 
1  rials  and  welded  joints.  The  use  of  computer  stations  of 
I  850ST  type  and  also  the  creation  of  defectoscopic,  sup- 
1  plying  and  control  constituents  of  automated  systems 
j  on  the  base  of  standard  components  could  unify  the 
!  electronic  equipment.  The  solution  of  new  technological 
I  and  methodological  problems  in  mechanized  and  auto¬ 
mated  flaw  detection  (f/lAD)  is  reduced  to  the  develop¬ 
ment  of  scanning  devices  and  to  the  adaptation  of  the 
electronic  equipment.  On  the  base  of  complex  NK193 
proper  a  versatile  unit  NK300  for  AUST  of  welds  and 
parent  metai  of  the  upper  passage  posts  of  technologi¬ 
cal  channels  of  RBMK-1 000  reactor  for  Chernobyl  NPS 
was  manufactured  during  a  short  period  of  time.  It  can 
find  a  wide  application  in  all  reactors  of  the  mentioned 
type.  The  same  approach  was  selected  in  the  develop- 
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KHX  KaHa/lOB  peaKTopa  PBMK-1000  MA3C,  KOTopan 
MoxeT  nafiTM  lui-ipoKoe  npuMeHenMO  na  bogx  poaicio- 
pax  AanHoro  Tuna.  Takom  >Ke  hoaxoa  Btiifipan  npw  paa- 
pa6oTKe  MoSi-iJibHoro  KOMn/ieKca  HK310  AJif*  Anarnoc- 
TMKu  MarMOTp.anbHUX  rpyBonpoHOAOB  Bonbiiioro  Ana- 
MfiTpa  npH  peMOMTHbix  pa6oTax, 

Petuenmo  npo6AeMbi  MUHi-iMHaaiiiiH  h  yHucpiiKapuM 
MexaHo-aKycTHMecKoR  Mac™  cpeAOTti  f/iA/],nocBPinGh'a 
pa3pa6oTKa  rpex  ooHOBHbix  MOAn4'^'i‘-aij,Mvi  aerKOBeo- 
Hbix  KOMnaxTHbix  cKaaepoB  Ann  HcnnAbaoaaHMn  b  cuc- 
Tewax  AVSK  KonbueBbix  oBapHwx  ijjbod  Tpy6cnpo0OAOB 
AwaMSTpoM  420... 1420  mm  c  totilhuhoh  crenKi/i  8. ..75 
MM  (MA/11  00,  MAfll  02  H  MAfll  03)  B  ofiuieii  caox<hooth 
180  McnoniiGUMM.  CKanop  xnna  MA.fl100  ochobhom  mo- 
AMtf'HKani/ii-i  npeAnaaiia'ieii  Ann  A^^yx-  n  Bor;hM!ncanajib- 
Hbix  cucTeM  AVSK  Tpy6  Ai^aMexpoM  530...  1420  mm.  B 
cocraB  OKanepa  bkoa^t: 

•  Ojiok  Mexano-aKycTHBecKHM  (BMA); 

•  AaT'iPK  noHOKa  KonbueBoro  ama  h  cAex<eHMn  aa  hum; 
»  rupnniiAbi  onnaefi. 

Macca  iiaKi'iAUbix  ycipoilcTB  b  aaoHcuMooTM  ot  Ti-ino- 
pasMepa  He  npeBbiiiiaeT  6... 24  xr,  Macca  KapeTKM  c 
BMA  —  He  Oonee  1 5  xr.  Cxanep  MA/]1102  (aab  CHCTeM 
AVSK  Tpy6  fly  400... fly  850  xonrypoB  oxna>KAeHMB  pe- 
axTopoB)  oTnimaeTcn  ot  MAfl  100  OecnpHBOAi  ibiMM  o6- 
nerMenHbiMH  HaxiTAHbiMH  ycTpoilcTBaMM,  ABwnpKsoA- 
HOM  xapeTKofi  Ana  opOnTanbHoro  n  npoAOAbno-none- 
pe'-iHoro  cxaHHpoBaHMfi,  a  Tax>xo  Oonbiueil  axycTH4ec- 
KOM  eMXocTbto  BMA.  Cxanep  MAfl103  ripeACTaBAHer 
C06oM  «CaM6n03»  H3  HaKHAUblX  yCTpOMCTB  MAflIOO, 
xapeTKH  MAfll  02  h  AXifioro  H3  BMA.  B  cocTae  onepH- 
aAH3npoBaHHbix  MOAHcljaKapHPi,  npnMeHennbix  Ann  ra- 
30BOM  MAM  nnasMeHHOM  peaxM,  csapxM,  ar4)gktoc- 
XOAMM  APyrMMM  MBTOAaMM,  BMGOTO  BMAMOPyT  BXOAMTb 
cooTBeTCTByiotUMe  micTpyMeHTbi.  Bo/ibiLioe  BHMMauMe 
H3C-OAI<C  (3iieproaTOM  xoHTpoAb-nepBMC)  yAenawT 
npoOACiMaM  MexaHMsapMM  HK.  Tax,  co3AaHHbiM  coBMec- 
THO  xoMnnexT  ManoPi  MexauMsauMM  HK1 87.01 .05.000 
MsOaBnaoT  Ae4><2KTocxonMcTOB  ot  TpyAoeMKoPi  one- 
paUMM  no  HahieCGHMIO  XMpOBOpi  KOHTaXTHOfi  CMaSXM  M 
ee  yAancHMio  npM  pybuoM  yAbpaanyxoHOM  xoHTpoae 
ceapHbix  UJnoB,  a  xaxxe  noBWUjaeT  ero  naAexHocTb. 

B  aTOMHOix  sHGpreTMxe  oahom  m3  BaxueMiUMX  aaAaB 
axcnnyaxauMM  HBnneTcq  cunxei-iwe  aos  o6nynenMB 
nepconajia.  OcoOyio  axryaAbHOCTb  ona  npMo6peTaeT 
B  cnyMae  npoBeAeuMn  MacooBoPi  Ae4iexrocxonnM  oa- 
HOTMriHbix  oneMeHTOD  b  orpaMM'ieHMOM  npocTpancTBe 
C  BblOOKMM  paAMaUMOHHbIM  cf)OHOM ,  HHnpMMep  npM  BMX- 
TOXOBOM  XOI-ITpOAE  (BTK)  TenAOoOMeHHblX  TpyOoK  M  ne- 
peMbiHex  xoAnexTopoB  naporenepaTopoB.  B  hbcto- 
Bipee  BpeMB  TpyOxi-i  xoHTpoAMpyioT  c  noMoiiibro  Aopo- 
roro  MMnopTHoro  MOTannoeMxoro  nonycTauMoitapiioro 
oOopyAOBaHMH,  a  nepeMbiMXM  —  Bpywnyio  Ae4^cn<TO'^' 
KonaMM  TMna  Bfl-73HI4,  aoboab  A03hi  o6Ay4eHMn  one- 
paTopoB  AO  npeAenbHO  AonycTHMbix.  VAaMHyio  nonbiT- 
xy  MexanMaanMM  BTK  nepeMWBex  npeAnpunfinM  papM- 
onanM33Topbi  tOVAaC,  a  Ha  gg  ocholig  3AKC  paspa- 
SoTaA  MGXaHMMeoKMM  MaHMnyABTOp  HK330,  onbITHbIM 
o6pa3eu  KOToporo  ycnei.AHO  McribiTan  Ha  3A3C.  Tom 
He  MGHee,  ocosHauMe  Heo6xoAHMOOTM  cosAanna  npo- 
MbiiUriGHHoro  o6pa3L(a  Aerxoro  pa36opHoro  nepenoc- 
Horo  ycTDOMCTBa  MexauMSMpoBanHoro  BTK  Ann  ocHa- 
LAGHMB  B  nGpcneKTMEe  Bcex  OTeMGCTBGHHblX  A3C  no- 
SyAMno  3AKC  b  MHHUMaTHSHOM  nopB,Axe  BSBTbcn  aa 
HOfiyK)  paspaOoTxy.  B  HacTonmee  epeMfi  3ia  paapa- 
GoTxa  Bbino/iHeHa  Ha  ypoene  AeTanM3MpoBaHHoro  xex- 


!  ment  of  a  mobile  complex  NK3 1 0  for  diagnostic.s  of  main 
large-diameter  pipelines  during  repair  works. 

The  development  of  three  main  modifications  of  light 
compact  scannen;  for  their  use  in  systems  of  AUST  of 
circumferential  weld.s  of  420-1 420  mm  diamter  pipelines 
with  8-75  mm  v/ail  thickness,  (MAD100,  MAD102  and 
MAD103),  180  versions  in  total  wa.s  devoted  to  the  de¬ 
velopment  of  the  problem  of  minimizing  and  unification 
of  mechano-acoustic  part  of  the  MAD  means.  Scanner  of 
MAD100  type  of  the  main  modifications  Is  designed  for 
two-  and  eight-  channel  system  of  AUST  of  530-1420  mm 
'  diameter  pipes.  Scanner  includes: 

•  mechano-acoustic  unit  (MAU); 

•  sensor  of  searching  the  circumferential  weld  and  its 
tracking; 

•  connecting  chains. 

The  mass  ot  captive  devices  depending  on  type  and 
size,  does  not  exceed  6-24  kg,  the  mass  of  a  carriage 
with  MAU  is  not  miore  than  15  kg.  Scanner  MAD102  (for 
I  system  of  AUST  of  Du400  —  Du855  pipes  of  cooling 
loops  of  reactors)  differvS  from  MAD100  by  drive-free 
light  captive  devices,  two-drive  carriage  for  orbital  and 
longitudinal-transverse  scanning  and  also  by  a  high  ac- 
cousfic  capacity  of  M.AU.  Scanner  MAD103  represents 
a  "symbiosis”  of  captive  devices  MAD  100,  carriage 
MAD102  and  any  MAU.  The  composition  of  specialized 
modifications  used  for  gas  and  plasma  cutting,  welding, 
flaw  detection  by  other  methods  may  include  the  proper 
tools  instead  of  MAU.  The  Baton  Institute  and  EAKS  pay 
a  large  attention  to  the  problems  of  NDT  mechanization. 
Thus,  a  set  of  ‘'small''  mechanization  NK- 
187.01.05.000,  co-produced  by  the  two  organizations, 
eliminates  the  labour-consuming  operations  and  use  of 
'  contact  grease  and  its  removal  in  manual  UST  of  welds 
and  also  increases  its  reliability, 
i  One  of  the  most  important  problems  of  service  in  the 
nuclear  power  engineering  is  a  reduction  of  do.ses  of 
personnel  exposure  to  radiation.  It  is  specially  actual  in 
large-scale  flaw  detection  of  one-type  elements  in  a 
limited  space  with  a  high  radiation  background,  as,  for 
example,  during  eddy  current  control  of  heat-exchanger 
tubes  and  bridges  of  steam  generator  collectors.  At  pre- 
'  sent  the  tubes  are  inspected  using  an  expensive  impor¬ 
ted  metal-intensive  semi-stationaty'  equipment,  while 
bridges  are  inspected  manually  using  flaw  detectors  of 
VD-73NTS  type,  resulting  in  the  radiation  doses  for  ope¬ 
rators  close  to  the  admissible  levels.  The  successful 
attempts  of  mechanizing  eddy  current  control  of  bridges 
were  made  by  inventors  of  Yu.Ukr.NPS  and  EAKS  who 
developed  on  this  basis  a  mechanical  manipulator 
NK330  which  prototype  was  tested  in  ZNPS.  Neverthe- 
;  less,  the  creation  of  industrial  model  of  dismountable 
portable  device  of  a  mechanized  eddy  current  control 
is  neoessaiy  to  equip  all  domestic  NPS  in  future  and  this 
task  was  taken  by  EAKS  for  realization.  At  present  this 
development  has  been  accomplished  at  the  level  of  a 
detailed  technical  project'MAD1 10  which  gives  an  idea 
about  design  features  and  technical  capabilities  of  these 
means  of  mechanization.  The  device  manipulator  con¬ 
sists  of  two  ea,sily  abutted  modules:  an  aligning  device 
;  with  a  suspended  unit  of  an  eddy  current  transducer 
I  and  an  extension.  The  length  of  each  mnodula  does  not 
:  exceed  2.6  m,  that  guarantees  their  mobility  in  trans- 
:  porlation  to  the  inspection  site.  The  project  envisages 
I  a  number  of  radically  new  solutions  for  alignment  and 
I  fastening  o1  manipulator,  its  abutting  to  modules,  for 
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WELDED  STRUCTUR^_ 


HMMecKoro  npoevcra  fiaiomero  flocTaxoHHoe 

npeflCTae/ieHne  o  KOHCTpyKTi.'tBHhix  ocoSeMHOcTsix  v\ 
TeXHHMeCKHX  BOSMOXHOCTOX  3Toro  CpeflCTBa  Mexann- 
aas-inM.  MaHnny/iflTop  ycrpoficTBa  yxpynHeHHo  coctomt 
H3flByx/ierKO  cTbixyeMbix  MOflyBew:  MenTparopa  c  nofl- 
BscKoCi  fiaoica  BMxpeTOKoaoro  npeo6pa30BaTGJiH  (BTR) 
M  HaflcjaBKM.  ft/iMHa  Kax(p,oro  MOflynq  He  npeBbimaer 
2,6  M,  MTo  o6ecneMMBaeT  nxMoSn/it.HocTb  npii  flocTas- 
Ke  K  MecTy  kohtpojib.  B  npoexTe  aa/iosKeH  uejibiM  pafl 
npnHUi/inna/ibHo  hobwx  peaieHiifi  no  uempnpoBaHHio 
n  cf)MKCnpoEaKMio  waHnnyxifiTopa,  no  cTbiKOBKe  ero  mo- 
fly/ien,  no  npHBOAaM  n  nx  pacnojioxeHMio,  no  Kowneii- 
caunn  npocTpancTBenHoii  Hecoociiocrn  BTfl  m  paa- 
Ba/ibuoBanHbix  yMacTKOB  Tpy6oK  M  flp.  «Hoy-xay»  bbbb- 
eXCB  TaiOiXe  B03M0>!CH0CTbTpaMC4>0pMHp0BaHnB  MaHlI" 
nypfiTopa  b  aHa,nornMHoe  nspeHOCHoeycTponcTBo  fl/ifi 
BTK  Tpy6oK  c  80%-m  yHn4)MKauMei^. 

KOMnJIEKCHS  fliArHOCTYEAHH?!  MAflCTPAJlb- 
HMX  FASOnPOSOfllB.  A.  R.  HeROceKa,  M.  A.  Rpe- 
MeHKO  (Ih-t  eneKjposBapmBaHHfi  i'm.  G.  O.  RaTOhsa, 
m.KhIb,  VKpaifia).  Seapni  o6oaoHKOBi  KOHCTpyKui'i 
BiflHocflTbCfi  AO  Kareropii  oco6/imbo  BiAnoBlAaabHHx, 
TOMy  mo  lx  pywHyBaitHfl  aaBXAn  noB’Raane  la  3a6pyA- 
HeUHRM  AOBKi/UlR  i,  RK  npaBlIRO,  3/IIOACbKMMH  XSpTBa- 
MM  la  KaaimiBaMn, 

riiABMIAeHHR  KiBbKOCTi  pynHyBaHb  ia  SHaMHHMM  bko- 
HOMiMHMMM,  eKOAOriMHHMH  i  COAiailbHMMH  HaC/liAXaMU, 
aSiabineHUR  KiabKOCTi  KOHCipyKUiM,  140  BlAnpaArosaan 
npoeXTHMM  XepMiH,  eKOHOMIRHa  HeMO>Kill-1BiCTb  IXHbOi 
aaMiHH,  piaHowaniTTR  i  CK/iaAHicTb  npoueclE  pynHyBan- 
HR  BM3HaMaiOTb  {y  3B’R3Ky  3  HeMOXCBMBiCTIO  100%-rO 
KOHTponto)  HGo6xiAHicTb  KownaeKCHoro  niAxoAV  AO  o6- 
CTeXeHHR  3BapHMX  060/IOHKO8HX  KOHCTpyKUiM,  HacaM- 
nepeA  Marlcipa/ibHnx  raaonpoBOAis,  uj,o  BianoHae  bh3- 
naReMHR  MicAb  moxbubopo  yreopeaHR  Aect’exriB,  rkI 
po3BHBaioTbCR,  HanpyxceHoro  cxany,  oplHKy  inTeHons- 
HOCT)  KopoaiRHMx  nponGolB,  CTapiHHR  Mexaay  Ta  Ih. 

Ha  ocHOBi  peayabTaTiB  AooaiAxceHb,  a  Taxox  o6oTexeH- 
HR  A'asiHOK  raaonpoBOAiB  po3po6aeHO  oAHy  3  MOAeaei^ 
pyCiHyBaHHR  Maricrpa/ibHnx  raaonpoBOAiB,  BnsnaHeno, 
mo  no>iaTKOBHM  exanoM  pyfiHyBaHHR  Marlcxpajibiinx  ra- 
aonpoBOAlB  G  nopymoHHRxa  BinujapoByBaHHR  laoBRUl'i.  Bk 
npasnxio,  pyfiHyeaHHR  6ixyMHo'ii3o/iRLiii  noanHaexbca  nicjia 
20  poKiB  eKcnxiyaxauii.  BiAbm  iHxeMonBHo  boho  BiA6y- 
BaexbCR  Ha  hmshhhmx  A'^f^HKax  peabecfiy  Micussocxi  3 
BHcoKMM  piBHeM  xpyHTOBMx  BOA  B  sannasax  pix  i  noMH- 
HaexbCR  ia  30hh  KiBimeBnx  xa  no3Aonx<Hix  asapHHx  lubIb. 
HacjiiAxoM  nopyaieHHR  i  EiAUJapoByBaHHR  iaoJiRiiii  e 
apyiueHHR  eaeiCTpoAHoro  noxeHUianyxpyOn  b  noswxHB- 
Hm  SiK.  PiBSHb  i  xapaxxep  posnoAixiy  exieKxpoAHoro 
noxenniaxiy  xpyOn  e  iHct)opMaxnBHHM  napawexpoM  Aiax- 

HOCXMKM,  mo  Bl/!3HaHae  MOXXIMBiCXb  nlABUmeHHR  LUBRA- 
Kocxi  eBeKxpoxiMlHHo'i  Kopoail,  axaKoxxnpoxlKaHHR  npo- 
ixecy  /loxanhHoro  KaxoAHoxo  BRAixieHHR  boahio. 
KiBbKicHo  ujBMAKicxbsaranbHo'i  eBeicrpoxiMiHuo'i  Kopoaii 
BR3HaMaGTbGHXOBmHHOMeXpieK1RK3MeHmeHHRXOBmM- 
HR  cxiHKRxpySR,  BlAHecene  AO  npoMixKynacy  mIxabo- 
wia  BRMipaMR.  BaxnRBy  iHtfiopMaMiio  axir  (t)opMyBaHHR 
MexoARK  KOMnaeKCHoi  AiarnocxRKR  wae  xaxox  swlHa  3 
HacoM  e/teKxpoAHoro  noxeHuiaay  xpyOR,  mo  e  HenpR- 
MOK)  osHaKoio  cxapiHHR  i  BlAUJapoBysauHR  iaoxiRnii. 
HacTynHMM  exanoM  pyRHysaKHR  raaonposoAy  cxae 

nlABMlimHHX  U.lBRAXOCXi  KOpOSl!  B  JIOKailbHRX  MiCU,RX  no- 
pyijjeuHR  iso.nRAii  Ha  xiinRHKax  apyiueHHR  eaeKxpoAHOxo 
noxennia/iy  xpyOn. 


drives  and  their  arrangement,  for  compensation  of  a 
spatial  misalignment  of  eddy  current  transducer  and  ex¬ 
panded  regions  of  tubes,  etc.  “Know-hov,/''  is  also  a 
feasibility  of  the  manipulator  transformation  into  a  similar 
portable  device  for  eddy  current  control  of  tubes  with 
80  %  unification. 


INTEGiRATED  DiAGNOSTSCS  OF  MAIN  GAS  PIPELI¬ 
NES.  A.Ya.  Nedoseka,  M.A.  Yaremenko  (The  E.O.Paton 
Electric  Welding  Institute,  Kyiv,  Ukraine).  Welded  shell 
structures  belong  to  the  category  of  especially  critical 
structures  because  their  fracture  is  always  associated 
with  polution  of  environment  and,  as  a  rule,  with  human 
life  loss  and  disabling  injury. 

The  Increase  in  amount  of  fractures  with  significant  eco¬ 
nomical,  ecological  and  social  results,  increase  in  qu¬ 
antity  of  structures  that  passed  their  design  period,  the 
economical  inablity  of  their  replacement,  variety  and 
complexity  of  processes  of  fracture,  define  (due  to  im¬ 
possibility  of  100%  inspection)  the  need  in  an  integrated 
approach  to  inspection  of  welded  shell  structures,  first 
of  ail,  main  gas  pipelines,  that  will  include  the  feasibility 
of  inspection  of  propagating  defects,  stressed  state  and 
the  assessement  of  intensity  of  corrosion  processes, 
metal  ageing,  etc. 

Proceeding  from  results  of  examinations  and  also  in¬ 
spection  of  gas  pipeline  sites  a  model  of  fracture  of  main 
gas  pipelines  was  designed.  It  is  determined  that  the 
fracture  of  main  pipelines  i.s  started  by  a  damage  and 
separation  of  insulation.  As  a  rule,  the  fracture  of  a  bi¬ 
tumen  insulation  begins  after  20  years  of  seivlce.  It  is 
more  intensive  in  the  lowland  sections  of  the  land  relief 
with  a  high  level  of  ground  waters,  flood  plains  and  star¬ 
ted  from  the  zone  of  circumferential  and  longitudinal 
v/eids. 

Damage  and  separation  of  insulation  causes  the  shifting 
of  the  electrode  potential  pipe  to  the  positive  side.  Level 
and  nature  of  distribution  of  the  electrode  potential  of 
the  pipe  is  an  informative  parameter  of  diagnostics  which 
defines  the  possibility  of  increasing  the  rate  of  electroc¬ 
hemical  corrosion  and  also  the  proceeding  of  the  pro¬ 
cess  of  a  local  cathode  evolution  of  hydrogen.  Quanti¬ 
tatively,  the  rate  of  general  electrochemical  corrosion  is 
determined  by  thickness  measurement  as  decrese  in 
thickness  of  the  pipe  wall  with  respect  to  the  period  of 
time  between  two  measurements.  An  important  infor¬ 
mation  for  formulation  of  procedures  of  an  integrated 
diagnostics  is  provided  by  a  change  of  the  pipe  electrode 
potential  in  time,  that  indicates  the  ageing  and  separa¬ 
tion  of  the  insulation. 

The  next  stage  of  fracture  of  gas  pipeline  is  an  increase 
in  rate  of  corrosion  in  local  places  of  insulation  damage 
at  the  .sites  of  pipe  electrode  potential  change. 
Restoration  of  a  protective  electrode  potential  of  the 
pipe  at  the  sites  of  its  damage  is  performed  by  increasing 
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BiflHOFiJieMHO  LiaxuoHoro  exieiapoflHoro  noTeHpia/iy 
Tpy6M  Ha  AtJiHHKax  fioro  apyiueHHSi  sfliMCHioeTbcq  ama- 
XOM  36i/ibiiieHMfi  K'mbKOCTi  KaTOflHMX  craHuiti  la  'ix  no- 
TyjKHocTi.  SpocTaiiHfi  noTeHuiajiy  (apyoiGHHH  b  Hera- 
THBHMM  6iK)  Ha  omfiHKax  nopyiiieHHB  iaonHHii'  CTBopme 
yMOBH  XaTOAHOrO  BH/liiieHUB  boahkd,  niflBHipyioTb- 
CB  TaKO>K  cTpyMM  aaxMQTy,  pioeHi.  bkhx  g  iHclsopMaTHB- 
HHM  napaMerpoM  fliarnocTHKM,  ino  BiianaBaG  mox<- 
jiMBioTb  noflanbujoro  npouecy  /loxa/ibiioro  KaTOflHoro 
BHfliJieHHH  BOAHIO. 

Hac.nlAKoM  niABHiueiiHB  aO-nbuocii  crpywy  e  /loxaBbue 
KaTOAne  BHAiAGHKfi  BOAHIO  Ha  aoBHiuJHiM  noBepxHi  Tpy- 
6onpoEioAy.  Ana/iia  Moro  MexanisMiB  noKaaye,  mo  b  pe- 
sy/tbTaTi  npoTiKaiiHf!  uboro  npouecy  MoxcnviBe  BUAinen- 

HB  ra3onoAi6iioroMO/ieKy/iBpHoroBOAHioa6oyTBopeH- 

HB  aTOMapiioro  boahio.  riepiue  npMSBOAHTb  p,o  cnyHen- 
HB  i  BiAiuapoByaaHHB  iao/iBuii.  Ha  oxpeMMX  Ai-nnuKax 
Tpy6onpoBOAiB  y  BOJioroMy  rpyuTi  6ynv\  sacfjiKcoBani  ra- 
30Bi  nysHpi  Mi»:  Tpy6oio  ta  iaoBBuieio.  CnynGHHB  i 
BlAi-LiapoByBaHHB  iaoBBuiT  npHssoAUTb  AO  noAanbuioro 
apymeHHH  KaioAHoro  noTeiiuiany  b  noaHTHBUnCi  6\k. 
ATOMopHHfi  BOAGHb  saBABKH  noAa/ibU.iin  oS’cmhIm  pe- 
KOM6iHai.ii'i  yTBopioe  Mo;ieKynn  boahio  a6o  niASyoaeTb- 
OB  iioro  AK4>y3iB  B  MOTafi.  HaBOAHOHHB  e  npii'iiiHoio 
/loxaribHoro  0Kpi-ixHennB  MSTany  TpySonpoEOAy.  Ok- 

pMXHeHHFi  BHSinnueTbCB  B  3Hti>KeHHi  noKasHiiKie  yAapHoi 
B'BBKOCTi  Ta  B'BaKOBTi  pyMIiyDaHHB,  B  niABHLUeHUi  TBOp- 
AOCTi  i  36ijnbUJeHHi  BlAHoiiiGiinB  Mex<i  TexyHOCTi  Ao  >ia- 
coBoro  oriopy  sapoAxceHHio  TpiiUMn, 
npM  KOMn/ieKGHOMy  AiarHocTyeaHHi  raaonpoBOAiB  na- 
qnnicTb  OKpuxHGHHH  MeTany  b  mIcubx  ujypitioBKH  bm3- 
HaHaCTbCB  BHMipoM  TBOpAOCTi. 

PoapofmeHa  MexoAUxa  ouIhkh  noTenuinno  iieSeaneHHHx 
AiBBHOK  Tpy6onpOBOAiB  3  TOMKH  30py  MOXBUBOro  yTBO- 
peHim  Ae4)eicriB  abb  MoxnHBicTb  noAanbWoro  ecfieKTHE- 
Horo  BHKOpHCrailHB  pi3HMX  MeTOAlB  OUillKH  CTBUy  Ma- 
Tepiaay  Tpy6M,  TaxHX  bk  axycTHBHa  eMiciq  (AE),  BHMipto- 
BanHB  TsepAOCTi,  Hanpy>Ke^io-Ae(^opMOEa^o^o  cTany, 
yahTpaapyKOBoro  KoiiTponio,  poapaxynKOEiHX  MeioAiB  xa 
iHLU. 

Kourponb  HaM6ijibui  neSesneHHMX  Ae(t)eicTiB  MO>Ke  npo- 
BaAUTOCB  MSTOAOM  AE,  UgU  MOTOA  MOXtS  6yTH  OCHO- 
BOK)  nOTOMHOrO  BMpoeUH'IOrO  KOHTpOniO. 

014EHKA  OCTATOHHOrO  PECYPCA  HA  OCHOBE 

nPorPAMlWHoro  kompixiekca  nporHosMPOBA- 

>KMByMECTM  CBAPHbIX  KOHCTPyKLJMM  (RK 
ANWELD).  M.  P.  Hypry^Km,  T.  P.  Kapara  (Poe.  rexH. 
yH-T,  r.  Kaparan/XB,  Pecny6/WKa  KaaaxcTan).  Cobash 
PBA  KOMHblOTepHblX  cHCTeM  nporH03MpoBaHHB  pecyp- 
ca  cBapubix KoncTpyKUMH,  Bo-nhiiiMHCTBO  M3  HMX panem 
OT  MHXceiiepHOM  npaKTMKM  jimQo  b  cM/iy  cao>khoctm  3k- 
cn/iyarauMH  (jpeGycTcq  cepbesHaq  TeopeTHNGcxap 
noAroTOBJieHHocTb),  bhGo  M3-3a  yaxoCi  cneuMaBM- 
aauMM  KOMObioTepHOM  cMCTeivibi.  HK  ANWELD,  npeA- 
HaanaHenHbiM  pm  ujMpoxoro  McnoBbaoBanMq  npM  npo- 

eKTUpOBaHMM  OOBpGMeHHblXMeTa/IBOKOHCTpV'KUMH,  003- 
BOJiqeT  cHMSMTb  saTpaTbi  na  sKcnayaTauMio  MaiUMHbi. 
H3  Boex  OOBpOMeHHblX  BblCOKOypOBHeBblX  qSblKOB 
nporpaMMMpoBaHMq  (Windows  95)  6biJi  BbiGpan  kom- 
m-iABTop  Delphi  V3.0  npe>KAe  Boero  M3-3a  AocxynHOCTM 
nanMcaniiq  nporpaiviMHoro  koah  o  cpeAo  KOMnu.nqTopa, 
VAoSnoro  MHTepctieMca,  tuMpoKoro  BbiGopa  BMsyanbHbix 
KOMnonei-iTOB,  a  Taxxe  oGbeKTHo-opMei-iTnpoBaHiioM 
HanpaB.rieHiiocTM  qsiiixa.  3to  no3BonM.no  b  yaoGhom 


!  the  number  of  cathode  stations  and  their  capacity.  In- 
:  crease  in  potential  (shifting  to  the  negative  side)  at  the 
sites  of  insulation  damage  creates  the  conditions  for  the 
cathode  evolution  of  hydrogen.  Currents  of  protection, 
whose  level  is  an  informative  parameter  of  diagnostics 
which  determines  the  possibility  of  the  further  process 
of  a  local  cathode  evolution  of  the  hydrogen,  are  also 


increased. 

A  local  cathode  evolution  of  hydrogen  at  the  external 
surface  of  the  pipeline  is  the  result  of  the  current  density 

I  increase.  The  analysis  of  its  mechanisms  shows  that  the 
possible  evolution  of  gaseous  molecular  hydrogen  or 
formation  of  atomic  hydrogen  as  a  result  of  proceeding 
of  this  process  leads  to  swelling  and  separation  of  in¬ 
sulation.  At  separate  sections  of  pipelines  in  a  wet  soil, 
gas  bubble.s  between  pipe  and  insulation  were  observed. 

;  Sv/elling  and  separation  of  insulation  causes  the  shifting 
of  the  cathode  potential  to  the  positive  side.  The  atomic 
hydrogen  due  to  further  volumetric  recombination  forms 
the  hydrogen  molecules  or  its  diffusion  to  the  metal  oc¬ 
curs.  Hydrogenation  is  a  cause  of  a  local  embrittlement 
of  the  pipeline  metal.  The  embrittlement  decreases  the 
characteristics  of  the  impact  strength  and  fracture  to¬ 
ughness,  increases  the  hardness  and  the  ratio  of  the 
yield  point  to  ultimate  strength  of  crack  initiation. 
During  integrated  diagnostics  of  gas  pipelines  the  em¬ 
brittlement  of  metals  in  sites  of  pitting  is  determined  by 


the  hardness  measurement. 

The  developed  methodology  of  evaluation  of  potentially 
harazdous  sites  of  pipelines  from  the  point  of  view  of 
possible  formation  of  defects,  gives  an  opportunity  for 
a  further  effective  use  of  different  methods  of  asses¬ 
sment  of  pipe  material  condition,  such  as  acoustic  emis¬ 
sion  (AE),  measurement  of  hardness,  stress-strain  state, 
ultrasonic  testing,  calculation  methods,  etc. 

The  most  hazardous  defects  can  be  controlled  by  the 
acoustic  emission  method.  This  method  can  be  a  basis 
j  for  the  production  line  inspection. 


ESTIMATION  OF  RESIDUAL  LIFE  USING  A  PROG¬ 
RAMMING  COMPLEX  PC  ANWELD  FOR  PREDICTION 
OF  LIFE  OF  WELDED  STRUCTURES.  M.R.  Nurguzhin, 
T.Ya.  Katsaga  (Slate  Technical  University,  Karaganda, 
Kazakhstan).  A  number  of  computerized  systems  of  pre¬ 
diction  of  the  welded  structure  service  life  has  been 
developed.  Most  of  them  are  far  from  the  engineering 
practice  either  due  to  complex  conditions  of  ser\'ice 
(where  a  serious  theoretical  preparation  is  required)  or 
due  to  a  narrovz  specialization  of  the  computer  system. 
PC  ANWELD  designed  for  a  wide  application  in  designing 
advanced  metal  structures  can  reduce  the  expenses  for 
the  machine  service. 

Among  all  modern  high-  level  languages  of  programming 
(Windows  95)  the  compilator  Delphi  VS.O  was  selected, 
first  of  all,  due  to  possibility  of  describing  a  program 
code  In  the  medium  of  the  compilator,  convenient  inter¬ 
face,  a  wide  selection  of  visual  components,  and  also 
object-oriented  language.  This  makes  it  possible  to  for¬ 
malize  the  algorithm  of  operation  of  the  developed  sof¬ 
tware  in  a  convenient  form. 
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ct)opMe  <t)opMa;iH30BaTb  a^ropuTM  pa6oTbi  coaflasae- 
Moro  nporpaMMHoro  o6ecneHeHMa. 

<t>yHKL(noHaabHo  nporpawMa  coctout  H3  rpex  Maciei^: 
npenponeccopa  (MOfly;ib  noflroTOBKH  flaHHbix  fl/ia  pac- 
aeta);  npoueccopa;  nocTnpousccopa. 

McxoflHbie  flaHHbie  pasfle/ieHbi  na  c/ieflyramiie  ocHOBHue 
aacTM:  onpefle/ieHMe  cxeivibi  pacMeta,  reoMeTpuMecKMX 
napaweTpoB  pacneTa,  flanubix  no  MaTepnaay,  Harpyaxn,  a 
xaKxceyMeTocTaToMHbix  nanpaxenuM  — c  pe/ibio  nawSoBee 
pauMOHaabHoro  cnoc.o6a  xpaHeHna  m  Aociyna  k  HHcfiop- 
MauMM.  B  KawecTBe  ochobhux  npuHBTbi  KpniepuM  ueAoc- 
THOCTH  M  HaKoanaeMocTO  flaHHbix,  b  cbsish  c  hgm  6bmM 
cnpoeKTHpoBaHbi  6a3bi  flaHHbix  no  «CxeMaM  pacMeTa», 
"Tuny  MaTepMafla»M  «Ha6opy3aflaH».  Bojibuioe  BHHwaHMe 
yflejwflocb  TaioKe  BHayaflHsapHH  flaHHbix  nyreivi  «MMnBaH- 
TauMH»  rpa({)HHecKHX  Hsoepaxeniiti  BHyrpb  Baabi  flaHHbix. 
npofleccop  COCTOUT  H3  flsyx  HacTen:  onpefle/ieHHe 
CTaTMHecKOM,  a  TaKxe  flHHawiMHecKOH  TpemHHocToCi- 
KOCTM.  Kaxflan  H3  HMXflaeT  BO3MOXH0CTb  ocyiflecTBfle- 
HHH  npoeiCTHblX  H  npOBepOHHbIX  paCHGTOB.  BMSya- 
flM3ai.iMH  npoflecca  pacMexa  b  nporpaMMe  6bifl  cneuii- 
ajibHo  pa3pa6oTaH  nporpaMWHbiH  HHTepct^eiic  MGXfly 
npopeccopoM  h  nocxnpoueccopoM.  nocxnpoueccop 
nosBojisex  npefloxaBHXb  peayjibxaTbi  paonexa  b  yflo6-^ 
HOM  flflB  noBbsoBaxeflB  BMfle  (xeKcxoBoro  oxHexa,  rpa- 
(|3MKOB,  flMarpaMM).  BeputpMxauHB  onHcanHoro  npor- 
paMMHoro  oSecneHenMR  6hina  npoBeflena  na  ochobg 
ofleHKM  ocxaxoHHoro  pecypca  ceapHOM  xpaHOBOM  we- 
Xa/lflOKOHCXpyKflMH. 

C  MGflbio  onpefleflGHHB  HarpyxeHHOcxM  sfleMeHxoe 
ocyLuecxBJien  MaKpoaHaflH3  xpaHOBOH  MeTa)i.noKOHc- 
XpyKflMH.  AJlfl  anSMSHTOB  C  XpeiflMHaMH  onpeflG/lGHbl 
pacHGXHbie  cxGMbi,  HanpaxeHUB  ox  BHeujueti  narpysKM 
M  HepenaKci/ipoBaHHbie  ocxaxoMHbie  Hanpaxeni/ifi. 

□pH  oneHxe  cxaxHHecKofi  xpeiiiHHocxoC^xocxM  HcnoBb- 
30BajiM  flByxnapaMGXpHHecKMi^  KpHxepHM  e  xepiviMHax 
KMH,  npH  onpefleJiGHMH  ocxaxoHHoro  pecypca  —  mo- 
flMc})MmipoBaHHOG  ypaBHGHHe  3/i6epa. 

OBHAPyjKEHME  M  jnOKAJlM3A4M51  flEOEKTOB  B 
CBAPHbIX  UIBAX  M3  nJIACTMACC  HPH 

nOMOUlll  y/lbTPASBVKA.  B.  H.  PaAbKO,  B.  A.  Tpo- 
(Mh-t  sjiBKTpocBapKn  HM.  E.  O.  PlaTOHa,  r.Ki^eB, 
VKpai^Ha).  npoBGfleH  Kown/ieKC  MCc/iGflOBaHHM  no  o6- 
HapyxeHMio  fle4)eKXOB  b  cBapHwx  cosflHHeHMBx  nojiM- 
sxHfleHOBbix  xpy6  c  ncno/ib308aHneM  flecfieKxocxonoB 
yA2-12  H  ys  annapaxa  «3MncKaH-3»  (AnraHB), 

B  npn6ope  «3MncKaH-3»  npeflycMoxpeHbi  pasflHHHbie 
BMflbi  o6pa6oxKH  peayjibxaxoB  KOHxpojia,  nosBonaio- 
Ll4,Me  nOBblCHXb  flOCXOBepHOCXb  KOHXpOflfl,  B  HaCXHOCXH 
yBeflHHGHHe  KOHXpaCXHOCXH  M3o6paXeHMB;  BbipaBHM- 
BaHMG  (crjiaxHsaHHe)  6okoboh  (roaoBHOfi)  bojihu;  pe- 
xnM  cHHxesHpoBaHHofi  cjjoicycHpyiometi  annapaxypu; 
BbiMMTauMe  ycpeflHGHHoro  no  coBOKynnocxH  A-cxana; 
/iHHeapMaapHB;  noayHGHMe  orM6aioiij,eCi. 
npeflcxaeaGHbi  o6pa5oxaHHbie  b  cooxbcxcxbmm  c  npii- 
BGflGHHbiMM  Bbiuje  onepaflHBMH  peayflbxaxbi  KOHxpoan. 
Kax  BMflHo  H3  conocxaBfleHMB  flaHHbix,  cumaabi  ox  fle- 
cJieKToB  nocae  o6pa6oxKM  6oaee  nexxo  aacfiMKcupoBa- 
Hbi  Ha  4)OHe  noMGx. 

MaroxoBaeHbi  yabxpasByKOBbie  npooSpaaoBaxean  pas- 
jiMHHbix  XMnoB,  npeflHasHaHeHHbiG  flflB  KOHxpoaq  cBap- 
Hbix  coeflHHeHHH  noanaxMaeHOQbix  xpy6  pasawHiibix 
flMaMexpoB  (100. ..600  mm)  h  xoauj,HH  (6... 60  mm). 
ripM  oUGHKe  flocxosepHocxH  KOHxpoafi  ncnoab30Baan 
pasHbie  coGflHneHHB  o6pa3i40B,  BbinoBHGHHbix  c  Hapy- 


As  to  the  functions  the  program  consists  of  three  parts: 
a  preprocessor  (module  for  preparation  of  calculation 
data),  a  processor  and  a  postprocessor. 

Initial  data  are  divided  into  the  following  main  parts:  de¬ 
termination  of  calculation  scheme,  calculation  geomet¬ 
ric  parameters,  data  for  material,  loading,  and  also  the 
allowance  for  residual  stresses  to  have  the  most  rational 
method  of  storage  and  access  to  information.  Criteria 
of  integrity  and  accumulation  ot  data  were  taken  as  basic 
data  and  data  banks  were  designed'according  to  "Sche¬ 
mes  of  calculation”,  “  Type  of  material"  and  "Setup  of 
problems".  A  large  attention  was  paid  to  the  visualization 
of  data  by  “implanting”  graphical  images  inside  the  data 
banks. 

Processor  consists  of  two  parts:  determination  of  static 
and  also  dynamic  crack  resistance.  Each  of  them  gives 
a  feasibility  to  make  design  and  checking  calculations. 
To  visualize  the  calculation  process  in  the  program  a 
program  interface  between  the  processor  and  postpro- 
cessorwas  specially  developed.  The  postprocessor  can 
present  results  of  calculation  in  a  form  convenient  for 
the  user  (text  report,  graphs  and  diagrams).  Verification 
of  the  described  software  was  made  on  the  basis  of 
evaluation  of  a  residual  life  of  the  welded  crane  metal 
structure, 

To  determine  the  loading  of  elements  a  macroanalysis 
of  the  crane  metal  structure  was  made.  Calculation 
schemes,  stresses  from  external  loading  and  nonrelaxed 
residual  stresses  were  determined  for  elements  with 
cracks. 

Two-parametric  criterion  in  terms  of  SIF  was  used  in 
assessment  of  a  static  crack  resistance  and  the  residual 
service  life  was  determined  by  a  modified  equation  of 
Elber. 


DETECTION  AND  LOCALIZING  OF  DEFECTS  IN 
PLASTIC  WELDMENTS  USING  AN  ULTRASOUND. 

V.P.Radko,  V.A.Troitsky  (E.O.Paton  Electric  Welding  In¬ 
stitute,  Kyiv,  Ukraine).  A  series  of  investigations  were 
carried  out  on  detection  of  defects  in  welded  joints  of 
polyethylene  pipes  using  flaw  detectors  UD2-12and  US 
unit  "Zipscan-3"  (UK). 

The  "Zipscan-3"  provides  different  types  of  processing 
the  results  of  inspection,  thus  increasing  the  validity  of 
inspection,  in  particular,  the  increase  in  image  contrast; 
levelling  (smoothing)  of  a  lateral  (head)  wave;  conditions 
of  a  synthesized  focusing  equipment;  subtraction  of  ave¬ 
raged  A-scan;  linearization  and  the  envelope  obtaining. 
The  inspection  results  processed  in  accordance  with 
above-given  operations  are  presented.  As  is  seen  from 
the  data  comparison  the  signals  from  as-processed  de¬ 
fects  are  more  clearly  recorded  on  the  background  of 
interferences. 

The  ultrasonic  transducers  of  different  types  designed 
for  inspection  of  welded  joints  of  polyethylene  pipes  of 
different  diameters  (100-600  mm)  and  thicknesses  (6- 
60  mm)  are  manufactured. 

In  evaluation  of  inspection  validity  the  different  samples 
of  joints  made  with  a  violation  of  the  technological  pro¬ 
cess  of  welding  as  well  as  welded  joints  of  polyethylene 
pipes  fractured  during  service  were  used.  The  welded 
samples  with  a  poor  air-tightness  were  examined.  From 
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ijjeHMUMM  TexHO/iorMHecKoro  npoaecca  cBapKii,  a  xaK- 
)Ke  coapHbie  coGflHneiiMfi  nojinaTnaeHOBbix  Tpy6,  paa- 
pytueiiHhre  b  npopecoe  sKcnayaTaunn.  MccjieflOBaan 
CBapHbieo6pa3i4bi  c  HapyoieuMPMH  repweTMMHOcTH.  Ho 
BHeuiHeMy  bmay  h  no  paawepaM  rpaja  otm  ooeflWKeHUfl 
B  6o/ibUJHHCTBe  CBynaeD  cooTBeTCTBOsajin  Tpe6oBaHM- 
BM,  npefl'bBB/IBOMblM  RpH  BUSya/lbHOM  KOHTpoae.  Kax 
noKasaPH  sKcnepHMenTW,  c  noMOLUbio  yAb'rpasByKOBo- 
ro  KOHIPOAH  ^4)(^eK^^lBHO  oCiHapyXMBaiOTCBTpemUMbl, 
KOTopbie  B  npouecce  SKcnayaTauMM  BbiawBatoT  napy- 
meHMe  repMeTWHUocTu  cBapHoro  coeABHenPB,  Takhm 
ofipaaoM,  nocpGACTBOMyjibTpasByKa  ppoboahtcb  koc- 
BeHHaB  npoeepKa  repMeruMHOCTn  ceapubix  coeAnne- 
HUM  nOAHSTMAGHOBblX  Tpy6. 

Kax  noKaaaAM  I'lccAeAOBaHUB,  npM  yabTpaaByKosoM 
KOHTpo/ie  Han6oAee  scpcfieKTHBHO  o6iiapy>KMBaioTcfl 
HenpoBapbi  m  TpeiunHbi,  a  Taioxe  paxoBUHbi  ii  nopbi. 
flocTosepHOCTb  o6HapyxenMB  HecnAaBAGHHM,  koto- 
pbie  xapaKTepMsyioTCB  HaaMHneM  noc/ie  paspyiUGUMB 
oSpaaoBaHHM  «3epKaAbHoti>>  noBepxKocTU,  aHanuTeab- 
HO  HMXe. 

y/IbTPA3ByKOBOM  KOHTPOJIb  KAHECTBA  COE- 
flMHEHMM,  BbinOJlHEHHblX  ABTOMATMHECKOM 
CTbIKOBOM  CBAPKOM  On/IABJIEHMEM.  6.  R. 

PaflhKo,  B.A.  Tpoi^HKni^  (Uh-t  aneKTpocpapKi^  im.  E.  O. 
naroHa,  r./Cnee,  YKpanHa).  Crioco6  aBTOMaiMHecKOM 
CTbiKOBoti  cBapKti  oruiaBAGHMGM  Tpy6onponoAOB,  paa- 
pa6oTanHbiPi  b  H3C  wm.  E.  O.  HaioHa  HAH  VKpanHhi, 
LUupoKo  BHGAPGH  B  cTpaHax  CHT.  3a  noc.neAHHe  roAbi 
no  3TOM  TexHoaornn  CBapeHbi  AecBTKii  TbicB'i  KMaoMer- 
poB  pasAHHHbix  Tpy6onpoBOAOB,  b  tom  HMcae  b  yc/io- 
BMBX  Kpafinero  Cesepa. 

B  MHCTHTyie  BbinOBHGH  SoAbOIOM  KOMnAGKC  TGOpeTn- 
BGCKMX  M  aKcnepnMeHTanhMbix  pa6oT,  HanpasjneHHbix 
Ha  noBbiuiGHMc  aKcnayaTamioHHoPi  naAoxHooTO  ceap- 
Hbix  cogahhghuh,  HaKonaeH  6oAbiJU0M  cTaTMCTH4ecKHM 
MaiepMaa  o  CBOMCTsax  coeAnHenMM,  xapaxiepe  eoa- 
Mox<Hbix  AoctiexTOB,  B/IHBHMH  gtux  Aecl^oKTOR  Ha  MGxa- 
HPHecKPe  CBoiicTBa  coeAHneHnCi.  B  HacTHOCTP,  ycTa- 

HOBAGHO,  HTO  npM  CTbIKOBOM  CBBpKG  OnAaBAGHMeM  AS- 

(t)eiabi  noBBABioTCB  npn  HapyiiieHnn  TexHOAornn  npo- 
uecca,  B  pesyAbTaTG  Hero  b  aoHe  coeAMneHMB  MoryT 
o6pa30BaTbCB  Anft>eKTbi  b  bmas  HecnAaEAGHMM  n  iiiAa- 
KOBblX  BKAIOHeHMM  (HeMGTaAAMMGCKMX  BKAIOHeHMM), 

Ha  ocHOBG  cTaTMCTMHecKoK  o6pa6oTKM  cnrHaAOB  ot 
AGi^ieKTOB  M  CTpyxrypHbix  lijyMOB  pa3pa6oTaHa  mgto- 
AHKa  yAbTpaaByKOBoro  kohtpoab  (VSK),  KOTopaq  no3- 
BOABeT  o6Hapy>KMBaTb  LUAaxoBbie  (HeMeTaAAMHecKne) 
BKAioAGHMB  MaAOM  TOAiAMHbi,  anpo6MpoBaHHaq  KaK  npn 
pymioM,  Tax  n  npn  aBTOMaTManpoBaHHOM  kohtpoag. 
Pa3pa6oTaHa  m  McribiTana  KownbioTepMaMpoBaHHaq 
CMCTeMa  aBTOMaTMMGCKOrO  y3KcBapHblX  COeAMHGHMM, 
BbinOAMGHHbIX  KOHTaiCrHO-CTbIKOBOM  CBapKOti. 

DoKaaaHO;  hto  oAHospeMSHHoe  npMMeHGune  Ancfipa- 
rupoBanHbix  boah  m  MGTOAa  'iTaHAOMx  noBBOAaer  no- 
BbICMTb  AOCTOBGpHOCTb  KOHTpOAn  CBapHbIX  lilBOB,  nOC- 
KOAbKy  npn  3T0M  yMeUbaiaGTCB  KOAM'ieCTBO  AO>KHblX 
cMTHaAOB  OT  BbinyKAOcTM  ujBa,  ocTaBLueficq  npn  yA3- 
AGHMM  rpa'ra.  floCTOBOpHOCTb  KOHTPOAB  npM  BblBB- 
AGHMM  HecnAaBAGHMfi  B  COGAHHeHMaX,  nOAyHGHHblX  c 
HapyujeHMeM  pexcMMa,  cocTaBABAa  96  %.  flpM  otom 
6biAM  oSHapyxeHbi  bcg  An4>GKTbi,  3a  chgt  nanM'ma  no- 
MGX  nepe6paKOBKa  oocTaEABAa  okoao  4  %. 
ripM  o6HapyXeHMM  OlAaKOBblX  BKAIOMeHMM  Heo6xOAMMO 
yHHTbIBaTb  TAIOKe  nOMGXM  OT  CTpyKTypbl  lUBa.  VcTaHOB- 


appearancG  and  by  the  sizes  of  a  flash  those  joints  cor¬ 
responded  in  most  cases  to  the  requirements  specified 
for  a  visual  inspection,  As  the  experiments  showed  the 
ultrasonic  testing  can  effectively  reveal  cracks  which  du¬ 
ring  service  cause  the  lack  of  air-tightness  in  the  welded 
joint.  Thus,  the  ultrasound  is  used  for  indirect  examina¬ 
tion  of  air-tightness  of  welded  joints  of  the  polyethylene 

i  pipes, 

'  As  the  examinations  showed  the  ultrasonic  testing  is 
most  effective  in  revealing  lack  of  penetration  and  cracks 
and  also  cavities  and  pores.  The  validity  of  detection  of 
lack  of  fusion  is  less  effective  due  to  presence  of  for¬ 
mations  of  a  "mirror”  surface  after  fracture. 


ULTRASONIC  QUALITY  CONTROL  OF  JOINTS  MADE 
BY  THE  AUTOMATIC  FLASH-BUTT  WELDING. 

V.P.Radko,  V.A.  Troitsky(The  E.O.Paton  Electric  Welding 
Institute,  Kyiv,  Ukraine).  The  method  of  automatic  flash - 
butt  welding  of  pipelines,  which  was  developed  at  the 
Baton  Institute,  is  widely  used  in  CIS.  Over  the  recent 
years  the  tens  of  thousands  of  kilometers  of  different 
pipelines,  including  those  used  under  the  conditions  of 
Extreme  North,  were  welded  using  this  technology, 
i  At  the  Institute  a  large  complex  of  theoretical  and  ex- 
i  perimental  works,  directed  to  the  improvement  of  a  ser- 
i  vice  reliability  of  the  welded  joints,  has  been  accomp- 
I  lished.  A  comprehensive  statistic  information  has  been 
!  accumulated  concerning  properties  of  joints,  nature  of 
;  possible  defects,  effect  of  these  defects  on  the  mecha¬ 
nical  properties  of  the  joints.  It  was  established,  in  par¬ 
ticular,  that  defects  during  the  flash-butt  welding  are 
appeared  at  the  violation  of  the  process  technology, 
resulting  in  the  formation  of  defects  in  the  form  of  lack 
of  fusion  and  slag  (non-metallic)  inclusions  in  the  joint 
zone. 

On  the  basis  of  a  statistic  processing  of  signals  from 
defects  and  structural  noises,  the  procedure  of  the  ul¬ 
trasonic  testing  (LIST)  was  developed  which  makes  it 
possible  to  reveal  the  slag  (non-metallic)  inclusions  of 
a  small  thickness.  This  procedure  was  tested  both  in 
manual  and  automatic  inspection.  A  computerized  sys¬ 
tem  of  the  automatic  UST  of  welded  joints  made  by  the 
flash-butt  welding  has  been  developed  and  tested. 

It  is  shown  that  the  simultaneous  application  of  diffracted 
waves  and  "tandem"  methods  can  increase  the  truth  of 
control  of  welds,  as  here,  the  amount  of  false  signals 
from  the  weld  convexity,  remained  after  the  flash  remo¬ 
ving,  is  decreased,  The  truth  of  control  during  detection 
of  non-fusions  in  the  joints,  as  a  result  of  violation  of  the 
process,  was  96  %.  In  addition,  all  the  defects  were 
detected.  Due  to  the  presence  of  interferences  the  faulty 
rejection  was  about  4  %. 

Wheh  detecting  the  slag  inclusions  it  is  necessary  to 
take  also  into  account  the  interferences  from  the  weld 
structure.  It  was  established,  that  when  the  ultrasonic 
waves  are  induced  by  the  transducers,  connected  by 
the  "tandem”  scheme  under  the  45'  angle  to  the  plane 
of  the  joint  zone  and  at  2.5  MHz  frequency  of  ultrasonic 
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/leHO,  HTO  npn  Bnofle  y;ibTpa3ByKOBbix  BOiiH  npeoSpa- 
aoBareji^MH,  bk/iiomchhumm  no  cxewe  «TaHneM»  nofl 
yr/ioM  45'  k  hbockoctu  aonbi  coeflUHeHMR,  m  npH  4ac- 
TOTeypbTpasByKOBbix  xo/ieSaHnii  2,5  MruypoeeHb  aivi- 
riaMxy^ibi  sxo-CMrHanoB  oTxaxMX  nect)GKTOB  Ha  4. ..6  aB 
Bbujje  cpeflHero  ypoBHfi  axo-cMrHaaoB  ot  CTpyKrrypw 
MBJama  aoHbi  CBapKM  6e3Aecf>eKTHorc>  coeAWHeHHa.  B 
flaHHOM  cjiynae  Aettie^bi  o6HapyoKHBaKDTCB  c  aocto- 
BepHOOTblO  75  %. 

nEPCnEKTMBb!  nPMMEHEHM^  KOMnbtOTEPM- 
SMPOBAHHblX  y/lbTPAaBVKOBblX  flEOJEKTOC- 
KOnOB.  B.  A.  TpouLfKi/iii  (Mh-t  aneKTpocaapm  hm. 
E.  O.  riaTOHa,  r.KneB,  VKpaMHa).  Ha/ioxefi  npaKTHMec- 
KHH  onbiT  McnojibsonaHi-iB  KowinbioTepMaMpoBaitHbix 
yAbTpaanyKOBbix  annapaTOB  a/ih  YBK  Tpy6onpoBOAOB. 
rn6oB,  cocyAOB  h  ApyrMX  a/iewteHTOB  SHepreTHHecxoro 
o6opyAOBaHHH,  KoTopfaia  b  peayAbiare  npHMeneuMB 
opAWHapHbix  cpeACTB  VBK  asiot  ynpouj,eHHbie  npeAc- 
TaBAenMH  o  Ae^>exTHocTH  MetaABa.  Ha  ochobb  HHcJJop- 
Mai4HM,  noAyHeHf^oH  ripn  noMOLUH  KoMribtoTepHSHpo- 
BaHHOH  TeXHHKH.IoTMeHHAMCb  SaXAIO'ieHHH,  npHHBTbie 
panee  no  peayAbTaraM  o6bi4Horo  VBK. 
KoMnbioTepw3i'ip6BaHHbie  yAbTpasByKOBbie  AecJjetcroc- 
Konb!,  B  OTAHMWeiOT  OPAHHapHbIX,  n03B0AAK3T: 

•  o6pa6aTbiBaTb  prpoMHbie  MaccHBbi  MHcpopMauuM,  aa- 
nHCbiBAA  Becb  cnpKTp  oTpaxBHHbix  cHrHaAoe; 

•  rpacfiMMecKH  npeACTasAHTb  o6pa3  Ae(t)e!aHofi  aoHbi, 
coAepxamefi  6ojibujoe  KOAHMecTso  AonycTiiMbix  as- 
CfieXTOB,  HTO  HaCTO  HCKAKIHaeT  BOSMOXnoCTb  npOAOA- 
xeHHA  SKcnAyaTauHM  MeTaAAOKOHCTpyKU,nn; 

•  aHaAHSHpoBaib  pacnoAoxeHHe  h  o6pa3  AetjieKTa  ham 
Aect)eKTHofi  aoHbi  b  pasHbix  paxypcax; 

•  aHaAH3npoBaTb  pacnoAoxeHMe  w  o6pa3  Ae4>eKTOB 
npw  sapbHpoBaHMH  6paKOBO'inbiM  ypoBHew  h  T.n.; 

•  BbinoAHHTb  cTaTMCTHHecKyio  o6pa6oTKy  orpaxeHHbix 
CHmaAOB  onpeASASHHoro  ypoBHB  h  nocTpoeuHe  coot- 
BeTCTByioiAHX  rpacpHKOB; 

•  peaAHaOBblBaTb  MBTOA  A^'tt’P^KlJlHOHHb'X  BOAH  M  TOHHO 
onpeAeABTb  pasMspbi  Aet'exTOB,  mx  pacnoAoxeHHe; 

•  aanoMHuaTb  m  cpasHHBaTb  HHifiopMauHK)  6oAbiAoro  ko- 
AMHeCTBa  OAHOTMHHblX  MCnblTaHIxti,  BbinOAHeHHbIX  E  pa3- 
Hoe  BpeMH  H  pasHbiMM  THPaMM  npeo6pa30BaTeAeii  h  t,  n.; 

•  cpaBHHBaTb  peayAbTaTbi  YSK,  BbinoAHeHHoro  paanbi- 
MH  npeo6pa30BaTeAAMH,  na  pasHwx  nacToTax,  npn 
paSAMHHbIX  BHAaX  CXaHHpOBaHMA  M  T.  R. 

C  pacnpocTpaneHMeM  KOMnb(OTepn3iipoBaHHbix  pe- 
(fieiaOCKOnOB  HeoSXOAHMO  MSMeHHTb  Hopwbl  Ha  ySK, 
saKAaAbiBaeMbie  b  CHHRbi  h  APyrne  HopMaiMBHue  ao- 
KyMeHTbi. 

O  14EJ1ECOOEPA3HOCT11  «PEAHMMAI4MM»  B  VK- 
PAMHE  PABOT  HO  3JTEKTPOPAAMOrPA«3)MHEC- 
KOMY  KOHTPO/TJO  CBAPHblX  lilBOB  M  MATEPM- 

AJIOB.  S.  A.  0n/it^nneHKOB,  B.  fl.  Ha'Afla,  B.  A.  TpoMtp 
KnH  (Mh-t  sneiapocBapKH  vim.  £  O,  PlaTOHa,  r.  Kties, 
VKpaMHa),  B.  M.  nhiWHb’Ci  (ShieproaroM  KoHiponb-cep- 
Buc,  r.  daeproflap,  yKpaMna).  Hs  MHOxecTsa  mbtoaob 
Hepaapyiuaiomero  kohtpoaa  MarepHaAOB  h  csapubix 
coeAHneHHM  Han6oAbmee  pacnpocTpaHeHHe  noAyHH- 
Aa  paAHOrpact)MA,  OTAMHa(OUAaf>OH  BblCOKOil  HyscTBH- 
TGAbHOCTblO,  HarAHAHOCTbK)  H  AOKyWeHTaAbHOCTbK). 

OAHaKo  nAeHOHHOH  paAHorpacfiHH  npHcyiAH  raxHe  cy- 
lAecTBenHbie  HGAOCTaiKH,  xax  BbicoKaa  CTOiiMocTb,  Ma- 
aaa  onepaTixBHOcTb,  noTpe6HOCTb  b  o6opyAOBanHbix 
c})OTOAa6opaTOpHBX,  XHMMXaTaX,  BOAOCHaSxeHHH  H  AP. 
H3  aAbiepHaTMBHbix  MexoAOB  HaMAyHiuiie  peayAbTaTbi 


oscillations,  the  level  of  amplitude  of  the  echo-signals 
from  these  defects  are  by  4-6  dB  higher  than  the  mean 
level  of  the  echo-signals  from  the  structure  of  the  wel¬ 
ding  zone  of  the  defectless  joint.  In  this  case  the  detects 
are  detected  with  the  75  %  truth. 


PROSPECTS  OF  APPLICATION  OF  COMPUTERIZED 
ULTRASONIC  FLAW  DETECTORS.  V.A.Troitsky  (The 
E.O.Paton  Electric  Welding  Institute,  Kyiv,  Ukraine).  The 
practical  experience  in  application  of  computerized  ul¬ 
trasonic  units  for  UST  of  pipelines,  bends,  vessels  and 
other  elements  of  the  power  equipment  is  described  in 
comparison  with  the  results  obtained  by  using  the  ordi¬ 
nary  UST  means,  which  give  simplified  information  about 
the  metal  defectness.  On  the  basis  of  information  obta¬ 
ined  by  the  computerized  units  the  conclusions  taken 
earlier  by  the  results  of  ordinary  UST  were  rejected. 
The  computerized  ultra.sonic  flaw  detectors,  unlike  the 
ordinary  units,  can: 

»  process  large  files  of  information  with  recording  of  all 
the  spectrum  of  the  reflected  signals; 

•  present  graphically  the  image  of  a  defective  zone  which 
has  a  large  amount  of  admissible  defects,  that  often 
prevents  the  possibility  to  continue  the  service  of  the 
metal  structure; 

•  analyze  the  location  and  image  of  a  defect  or  a  de¬ 
fective  zone  in  different  aspects; 

•  analyze  the  location  and  image  of  defect  by  varying  a 
rejection  level,  etc; 

•  make  statistic  processing  of  reflected  signals  of  a  de¬ 
finite  level  and  plot  appropriate  diagrams; 

•  realize  the  method  of  diffraction  waves  and  define 
precisely  their  sizes  of  defects  and  their  location; 

•  store  and  compare  the  Information  of  a  large  number 
of  similar-type  tests  performed  at  different  times  and 
with  different  types  of  transducers,  etc.;' 

•  compare  the  results  of  UTS  performed  with  different 
transducers  at  different  frequencies  and  different  types 
of  scanning,  etc. 

With  a  wide  application  of  the  computerized  fl.aw  detec¬ 
tors  it  is  necessary  to  change  the  standards  for  UST  in 
different  standardized  documents. 


ABOUT  REHABlLITATiON  OF  WORKS  ON  ELECTRO- 
RADIOGRAPHIG  CONTROL  OF  WELDS  AND  MATE¬ 
RIALS  IN  UKRAINE.  Filippenkov  V.A.,  Naida  V.L.,  Tro- 
itsky  V.A.  (The  E.O.Paton  Electric  Welding  Institute,  Kyiv, 
UKraine),  Pyshniy  V.M.  (Energoatom  Control  Service, 
Energodar,  Ukraine).  Among  the  variety  of  methods  of 
NDT  of  materials  and  welded  joints  the  radiography, 
which  is  characterized  by  a  high  sensitivity,  visuality  and 
document  validity,  found  the  widest  application,  How¬ 
ever,  the  film  radiography  has  a  number  of  typical  draw¬ 
backs,  such  as  a  high  cost,  low  response, need  in 
equipped  photographic  laboratories,  chemical  agents, 
water  supply,  etc.  Among  alternative  methods  the  best 
results  are  provided  by  an  eleotroradiography  (ERG), 
which  does  not  require  application  of  silver-  containing 
materials  and  chemical  photographic  processing  and 
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oSecneHiinaeT  ajieKipopaAHorpacfiMn  (SPf),  neTpefiy- 
loaian  npHMeHSHUsn  cepe6pocoflep>Kamiix  Marepna/ioB 
MXMMM4ecKOM  (t’OTOo6pa6oTKM ,  xapaKTepMsyeMafl  bw- 

COKOM  3KCnpeCCHOOTbK5  M  SKOHOMUMHOCTbtO  H  B  TO  XB 

BpeMB  He  ycTynarainaq  naenoMHofi  paflnorpact)Mn  b  nys- 
CTBMTeJibHocTH  M  paspeiiiaioiMeM  cnoco6HocTM.fleTeK- 
TopaMH  b  3Pr  c/iyxar  n/iacTMUbi  mbm  umiHHApw  c  cjjo- 
TonojiynpoBOAHHKOBbiM  c;ioeM  (khk  npasM/io,  aMopt})- 
Horo  ceaeHa).  OnyBCTB/ieHHe  (ceMcn6nJiM3annq)  fle- 
TeKTopoB,  cyxoG  npoBBaeHHe  Ha9/ieiapM30BanHhiM 
nopoLUKOM  no/iysaeMoro  npH  sKcnoHHpoaaHiiM  cxphi- 
Toro  sjieKTpocTaTMMecKoro  i/i3o6paxoHMB,  nepeHoc 
nopoiuKOBoro  MsofipaxenHsi  (SPHHs)  Ha  o6biMHyio  6y- 
Mary  h  ctJHKCMposauHe  a/ieicrpopaflHorpaMM  ocymec- 
TBAsiioT  npM  noMoiAH  armapaTypbi  am  3Pr.  Omsbhaho, 
MTO  KanecTBO  SPfUa  onpeAeaaeTCB  Kax  cBOMCTBaMW 
ABTeKTopa,  Tax  h  xapaKTepucTHKaMH  annapaTypw.  M 
ecjiH  Bonpoc  c  AeTeicropaMM  AaoHo  npaKTMMecKM  pe- 
U-ieH,  TO  McoaeAOBaHMB  xoHCTpyKTHBUbix  napaMBTpoB 
annapaTyphi  m  mx  BAMfiHne  na  KanecTBo  aPPMa  ao  He- 
AaBHero  npoLimoro  hocmbm  anHSOAHHecKHM  xapaioep, 
a  annaparypa  cosAaBanacb  MeTOAOwi  npo6  h  omn6oK. 

H  aHAJb  c  cepeAHHbi  1970-x  rr.  Hanaaocb  BbinoaneHHe 
KOMnaeKca  pa6oT,  o6ecneHHBLUMX  naymto  o6ocHOBaH- 
Hoe  KOHCTpyMpoBauM©  annapaTypbi  a^b  SPP.  3aMGT- 
HblM  BK/iaA  B  COBepiUeHOTBOBaHlie  OCHOBHbIX  TeXHOao- 

ruHecKMxycTpoMCTB  BHecan  h  HUP,  m  OKP  cnenwaaHC- 
TOB  M3C  HM.  E.  O.  naTona.  Han6oaee  anaHHTeabHbiMM 
M3  MX  pa6oT  cTaaM  MccaeAOBaHMG  m  pa3pa6oTKa  ycT- 
pOMCTB  CeHCM6MaM3aUMM,  OCHOnaHHblX  Ha  KOPOHHOM 
paapBAE.  Bbma  ycTaHOB/iena  3aBMCMMocTb  KaaecTBa 
3PrM3  OT  pacnpeAeaeHMB  KopoMHoroToxa  nepea  aaex- 
TpMaycMbiM  ASTexTop;  nocTpoeHa  (pMSMHeoxaB  Mopeab 
XMHOTMKM  XOpOHHOrO  paSpBAa  C  TOHXMX  npoBO/lOK- 
saexTpoAOB  m  noay'ieHo  ee  anaaMTMMecxoe  Bwpaxe- 
hmg;  paapaBoTaiibi  cnoco6  noBbiujeHMfi  paBnoMepnoc- 
TM  pacnpeAe/ieHMB  xoponnoro  Toxa  Hopes  ajiexrpMay- 
eMyio  nosepxHocTb  m  xoiicTpyxuMB  xopoHMpyx^LAero 
saexTpoAa,  oSecneHMsaromaq  Bbicoxyx)  pasHOMep- 
HOCTb  XOpOHMpOBaHMB;  AOCTpOGHa  o6o6uneHHaB  XOHC- 
TpyxTMBHaB  MOAoab  sapBAHbtx  ycTpoMCTB,  pa3pa6oTa- 
Ha  MGTOAMXa  paCHGTa  OCHOBHbIX  reoMOTpMHeCXMX  M 
aaexTpMHecKMX  napaweTpoB  stmx  ycTpoMCTB;  cosAanbi 
TpM  MOAMCjJMXaAMM  yOTpoilCTB  CeHCM6M.nM3aUMM  AETeX- 
TopoB  B  CTaTMHecKOM  M  AHnaMMHocxoM  pexMMax,  Kpo- 
Me  Toro,  aBTopawM  ycoBepiueHCTBOBaiio  ycTpoPicTBo 
noJiyroHOBoro  npoBBJieHMB  m  paapaSoTan  npuHAMOM- 
aabHO  HOBbIM  MfiXaHMSM  OHMCTKM  ASTeXTOpOB  OT  OCTaT- 
xoB  npoBBJiHioLHero  nopomxa,  McxrixiHaioLAMM  noBpex- 
AGHMe  HGXHoro  ce/ieHOBoro  cboh  m  sHanMTe/tbHO  no- 
BbiLiiaioiAMi^  xanecTBo  ohmctxm.  KoMnnexc  nposeASH- 
Hbix  pa6oT  o6ycBOBM/i  coaAaHMe  oTe'iecTBeHHofl 
annapaTypbtTMna  3PEHr,  noayHMBUueM  Bbicoxyx)  ough- 
xy  oTenecTBenHbix  m  3apy6exHbix  cneAMaaMCToB-pew- 
TreHo/ioroB  m  HarpaxAeHHOM  AHnaowaMM  m  rpawoTa- 
MM.TeM  He  MeHee  MHorwe  npo6/!eMbi  xax  TexHMnecxo- 
ro,  Tax  M  opraHMaauMOHHoro  xapaxrepa  xav't  CBoero 
peiueuMB  AO  HacTOBLneroBpeMeHM.  3to  m  noTpe6HocTb 
B  HOBbIX  MGTOAaX  (t)MKCMpOBaHMB,  M  nOBbllUeHMe  MH- 
(flopMaTMBHOCTM  33  CHGT  MHOTOUBeTHOro  npOBBBeUMB, 

M  UJMpoXMe  BO3M0XHOCTM  pOTaAMOHHOM  3Pr  C  BOBy-  j 

HeHMOM  M3o6paxeHMM  AnMHHOMepHbix  caapHbix  ujbob  j 
Ha  pyAOHHOM  aenTe,  a  caMoe  raaBHoe  —  opraHMsaAMB  | 
oepMi^Horo  Bbinycxa  MOAepuMSMpoBaHHOM annapaTypbi  I 
M  paapaSoTxa  AnpexTMBHbix  AoxyMenTOB. 


which  is  characterized  by  a  quick  response  and  low  cost 
and,  at  the  same  time,  is  not  inferior  to  the  fiim  radiog¬ 
raphy  as  to  the  sensitivity  and  resoiution.  Detectors  in 
ERG  are  the  piates  or  cyiinders  with  a  photographic  con¬ 
ductive  iayer  (as  a  rule,  of  amorphous  selenium).  Sen¬ 
sibilization  of  detectors,  dry  developing  with  electrified 
!  powder  obtained  in  exposition  of  a  latent  electrostatic 
image,  transfer  of  a  powder  image  on  an  ordinary  paper 
and  fixation  of  electroradiograms  are  performed  using 
equipment  for  ERG.  If  is  evident  that  the  quality  of  the 
powder  image  is  determined  both  by  properties  of  a 
detector  and  the  characteristics  of  the  equipment.  If  the 
problem  with  detectors  has  been  almost  solved  long 
ago,  then  the  examination  of  design  parameters  of  the 
equipment  and  their  effect  on  the  image  quality  till  re¬ 
cently  had  an  episodic  nature  and  the  equipment  was 
designed  by  the  trial-and-error  method,  and  only  from 
the  middle  of  1 970s  the  integrated  studies  were  started 
to  ground  the  designing  of  the  ERG  equipment.  Speci¬ 
alists  of  the  Paton  Institute  made  a  noticeable  contribu¬ 
tion  to  the  improvement  of  main  technological  devices. 
Among  these  works  the  investigation  and  development 
of  devices  for  sensibilization  based  on  a  corona  disc¬ 
harge  can  be  outlined.  The  relation  between  the  quality 
of  image  and  distribution  of  a  corona  current  through 
an  electrized  detector  vzas  established,  physical  model 
of  kinetics  of  a  corona  discharge  from  thin  wire-elect¬ 
rodes  was  constructed  and  its  analytical  reproduction 
was  obtained.  Method  of  increasing  the  uniformity  of 
corona  current  distribution  through  an  electrized  surface 
and  design  of  a  corona  electrode  which  provides  a  high 
uniformity  of  coroning  are  developed;  generalized  de¬ 
sign  model  of  charging  devices  is  constructed  and  the 
procedure  of  calculation  of  main  geometrical  and  elec- 
I  trical  parameters  of  these  devices  was  developed  and 
three  modifications  of  devices  of  sensibilization  of  de¬ 
tectors  undersfatic  and  dynamic  conditions  are  created. 
In  addition,  the  authors  updated  a  device  of  a  half-tone 
developing  and  a  radically  new  mechanism  of  cleaning 
detectors  from  the  remnants  of  a  developing  powder 
was  designed,  which  excludes  the  damage  of  a  soft 
selenium  layer  and  increases  the  quality  of  cleaning.  A 
series  of  works  carried  out  promoted  the  creation  of  the 
domestic  equipment  of  ERENG  type  which  was  highly 
recognized  by  domestic  and  foreign  X-ray  specialists 
and  awarded  with  diploma  and  certificates.  Neverthe¬ 
less,  many  problems  both  of  a  technical  and  organizing 
nature  are  waiting  for  their  solution  until  now.  This  is  a 
need  in  new  methods  of  fixation,  and  improvement  of 
information-content  due  to  a  multicolor  developing  and 
also  vade  possibilities  of  rotary  ERG  for  producing  image 
of  long  welded  joints  in  a  coiled  tape,  and,  the  most 
important, the  organizing  of  a  serial  production  of  ad¬ 
vanced  equipment  and  working-out  of  instructive  docu¬ 
ments. 
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PECVPC  M  AMAmOCTHKA  CBAPHbIX  COEAMHE- 
HUM  nAPOnPOBOAOB.  0.  A.  XpoMHBHKO,  B.  A.  flan- 
na,  P.  H.  Kanymn  (BTM,  r.MocKBa,  P0).  CornacHo  pe- 
3y/ibTaTaM  cTaTwcTH'iecKoro  awa/inaa,  aKcn/iyarauno- 
nafi  noDpexAaeMOCTb  csapHbix  coeflUHeHnii  naponpo- 

BOAOB  H3  Ten/10yCT0H4HBblX  XpoMOMOJlMSASHOBana- 

AweBbix  CTajieM  b  ycAOBnax  noaay'iecTH  aasncuT  ot 
cneflyiomMX  4>aKTopoB: 

•  TeMneparypHWX  ycaoBMpi  noaayMBCTVi  (c  yeejinMeHneM 
TeMnepaTypbt  aKcn/iyaraunH  ot  51 0  flo  545. . . 560 'C  noB- 
pexflaeMocTb  BoapacraeT  Ha  nopnAox); 

•  KOHCTpyKUMOHHoro  (fiaKTopa  {b  cpeAHeM  90  %  noe- 
pexASHUH  aatfiHxciipoBaHo  b  csapHbix  coeAHHOHUBX  c 
nOBbllUeHHOM  KOHIieHTpaUHSH  Hanpf1)KBHl'IH  — TPOIXHH- 
KOBbIX,  lllTyuepUblX  M  CTWKOBUX  COeAHHeHMBX  paSHO- 
TOAa^MHHb1X  Tpy6HblX  3/ieMeHT0D  —  M  OKOAO  10  %  nOB- 
pexAefiMW  —  b  CTbiKOBbix  coeAMHeHHBX  naponpoBOA- 

HblX  Tpy6  paBHOM  TO/HAMHb!); 

•  TexHOBoranecKoro  (Jjaiaopa  {npHMepiio  92  %  bob- 
pejxAeHHvi  paaBHBaercB  no  pasynpoHnenHoCi  npocBon- 
xe  MeTanaa  aonbi  TepMHMecxoro  anvimm  — Tpeuj,nHbi 
IV  Tuna  —  H  OKOBO  8  %  noBpejKAenMH  no  Meranny  iiiBa 
CTa.nix  09X1 M0); 

•  KOMnnsKCHoe  B/innune  SKcnByaTaAMOHHbix,  kohc- 
TpyKunoHHbix  H  TexHOBornMecKnx  ct)aKTopoB. 

Pecypo  cBapnux  coeAHHeHHH  abb  pacMOTHon  leMne- 
paiypbi  545 ‘C  npH  HopMajibHux.  yc/ioBiinx  oKcnAya- 
TauMH  no  AaHHbiM  BTH  cocTas/ineT: 

•  AO  300. ..400  Thic.M  a™  CTbiKOBbix  coeAHHeHMn  Tpy6; 

•  AO  150. -.250  TbIC.M  abb  CTbiKOBbix  C08AHHeHMM  pa3- 
HOTOAlAHHHblX  TpyOHhIX  SBeMeHTOB; 

•  AO  60...  150  TbIC.M  abb  TpOMHHKOBblX  H  uiTyuepHhix 
coeAMHOHi-in. 

B  HMcne  KownnoKCHbix  wep  no  noBbiLuenMio  3Kcn;iya- 
Tau,MOHHOM  HaAexcHOCTH  CBapHbix  coeAni-ienMM  n  p,aj^b- 
HeJIaieiviy  npoAnennio  hx  pecypca  npnopnTSTHbiwn  bb- 
TiBioTCB  caeAyiou.\MG: 

•  coEepiiiencTBOBaHne  motoaob  craTucTnMecKoro  aHa- 
msa  HaAe-XHocTH  CBapubix  coeAWHeHiin.  PaapaSoTaHa 
CTpyKTypa  nacriopTHbix  AaHHbixxapaKTepnGTHKn  csap- 
Hbix  ooeAHHeHHH,  KOTopan  BK/noMOHa  B  a^ropuTM  skc- 
nepTH3b)  xcnsyMocTH  coeAHHeHHH  naponpoBOAos; 

•  coBepujeHCTBoeaHne  pacHeTHO-aKcnepnMeHTa/ibHbix 
MGTOAOB  ouohkh  ocTaTOBHOfo  pscypca  CBapHbix  coe- 
AHHOHufi.  PaapaOoTaHbi  weTOAHKii  oueMKi-i  no  nps- 
AeBbHOMy  cocTOBHMio  MeTa/ina  h  no  4)aKT.nHfiCKmvi  Har- 
pysKaM.  YcTaHOBJieHbi  onTnManhHbie  oOiiacTW  McnbiTa- 
HnCi  B  KoopAHHaTax  Hanp^xenne-TeivinepaTypa  c 
uejibio  nonyBOHHB  KoppeCTHbix  peaynbTaTOB  axonepn- 
MeHTOB  no  onpoAeneHHio  xaponpoHHocTM  CBapnux  co- 
eAHHeHMfi; 

•  coeepuieHCTBOBaHMe  mbtoaob  AnarHOCTiipoBaHUB 
ABB  OAGHKH  ocTaTOHHoro  pecypca  ceapHbix  coeAHne- 
HHH  no  cTpyioypHOMy  ({laKTopy.  PaspaSoTaHbi  MeioAH- 
KM  MeTajiiiorpa({)MMecKoro  aHannaa  c  penjiMK  abb  ou,eH- 
KH  COCTOBHMB  MBTaAna  COeAnHeHHH  no  MHKponOBpeX- 
Aen'riocTH  Ha  peanbHbix  coeAMHeKHBx  naponpoeoAOB; 

•  paspaOoTKa  h  coBepujeHCTBOBanMG  caapoBHO-TepMM- 
HecKOH  TexHOjiorHM  BoccTaHOBJieHHB  pa6oTocnoco6- 
HocTM  CBapHbix  coeAHHeHHH.  PaspaOoTaH  KOMn/iexcTox  ■ 
HOAornPi,  b  tom  mhcjio  no  psMOHTy'  noBpe>KAaioiAMXCB 
npH  SKcnjiyaTaMHM  csapHbix  coeAHHennH  KOAnexTopoB 
KOT/ioB  H  naponpoBOAOB,  no  BoccTaHOBm'enbHow  Tep- 
MHBecKOM  o6pa6oTKe  Ha  onTHMaabHhix  psxKMax  Hop- 
ManHsanHM  c  OTnycKOM  coeAHHeHnfi  naponpoBOAos, 
no  cBapoHHO^i  TexHonorMH  poMoHTa  xopnycHbix  ABTa- 


SERViCE  LIFE  AND  DIAGNOSTICS  OF  WELDED  JO¬ 
INTS  OF  STEAM  PIPELINES.  F.A.Khromchenko, 
V.A.Lappa,  R.N. Kalugin  (VTI,  Moscow,  Russia).  Accor¬ 
ding  to  results  of  a  static  analysis  the  service  damage 
of  welded  joints  in  steam  pipelines  made  of  heat-resis¬ 
tant  Cr-Mo-V  steels  under  the  creep  conditions  depends 
on  the  following  factors: 

•  temperature  conditions  of  creep  (with  increase  in  ser¬ 
vice  temperature  from  510  up  to  545-660  "C  the  da- 

!  mage  increases  by  one  order); 

i  •  de.sign  factor  (90  %  damages  was  observed  on  average 
in  welded  joints  with  a  high  concentration  of  stresses, 
such  as  T-,  connecting  and  butt  joints  of  tube  elements 
of  different  thicknesses  and  about  10  %  of  damages  - 
in  butt  joints  of  steam  pipes  of  equal  thickness); 

•  technological  factor  (approximately  92  %  of  damages 
are  propagated  along  the  weakened  layer  of  HAZ  metal, 
cracks  of  IV  type,  and  about  8  %  of  damages  in  weld 
metal  of  steel  09Kh1MF); 

!  *  complex  effect  of  service,  design  and  technological 

i  factors. 

I  The  service  life  of  welded  joints  for  a  calculated  tempe- 

!  rature  545  'C  under  normal  service  conditions  according 

I  to  VTI  data  is  as  follows: 

!  •  up  to  300  000-400  000  h  for  butt  welded  joints  of 
pipes; 

•  up  to  1  50  000-250  000  h  for  butt  joints  of  tubular 
elements  of  different  thickness; 

•  up  to  60  000-150  000  h  forT-  and  connecting  joints. 
The  priority  measures  for  increasing  seivice  reliability 
of  welded  joints  and  further  extension  of  their  service 

I  life  are  the  following: 

•  improvement  of  methods  of  statistic  analysis  of  relia¬ 
bility  of  welded  joints,  Structure  of  passport  data  of  char¬ 
acteristics  of  welded  joints  is  developed  and  included 

I  into  algorithm  of  expertise  of  ‘'vitality"  of  joints  of  steam 
pipelines: 

•  improvement  of  design  -experimental  methods  of  eva¬ 
luation  of  residual  life  of  welded  structures.  Methodolo¬ 
gies  of  evaluation  by  a  limiting  state  of  metal  and  real 
loads  are  developed.  Optimum  fields  of  tests  in  stress- 
temperature  coordinates  were  established  to  obtain  true 
results  of  experiments  on  determination  of  heat  resis¬ 
tance  of  welded  joints; 

•  improvement  of  methods  of  diagnostics  for  evaluating 
residual  life  of  welded  joints  by  a  structural  factor.  Pro¬ 
cedures  of  a  metallographic  analysis  from  replica  were 
developed  to  evaluate  the  state  of  the  joint  metal  by  a 
microdamages  on  real  joints  of  the  steam  pipelines; 

•  development  and  improvement  of  welding-heat  treat¬ 
ment  technology  of  restoration  of  serviceability  of  the 
welded  joints.  A  series  of  technologies  was  developed, 
including  the  repair  of  service-damaged  welded  joints 
of  collectors  of  boilers  and  steam  pipelines,  for  a  res¬ 
toration  heat  treatment  at  optimum  conditions,  norma¬ 
lizing  with  tempering  of  joints  of  pipelines,  on  welding 
technology  of  repair  of  casing  components  of  power 
equipment  without  postweid  heat  treatment.  Directive 
production,  technological  and  standardizing-technical 
document-s.  approved  or  coordinated  with  Gosgortekh¬ 
nadzor  of  Russia  came  Into  force; 
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CBAPHblE  KOHCTpyKU,mi _ 

/lefi  sHeproogopyfloeaHUfi  6e3  nocjiecBapoMHoii  xep- 
MMMeCKOpt  o6pa6oTKI'1.  BBSASHbl  B  fleMCTBMe  pyKOBO- 
flamwe  npon3BOACTBGHHO-TexHoxiorM4ecKi4e  n  Hopwa- 
TMBHO-TGXHMMeCKHG  flOKyMeHTbl,  yTBepJKflCHHbie  M/1H 
corjiacoBanHbie  rocroprexHaAsopoM  Poccmh; 

•  coBepiueHCTBOBaHMe  perAaweHTa  no  KOHTpoaio  Me- 
TaAAa  H  npoAxieHMio  cpoxa  oay)K6bi  naponpoBOAOB, 
BKAKDMan  cBapubie  coeAnneHUfi. 

BBeAeHhi  b  AeMCTBiie  HOBbie  pyKOBOABiu,ne  TexHUMec- 
Kkie  AOKyMeHTbi,  yTBepxASHHbie  rocropiexHaAsopoM 
POCCMM. 

OCOBEHHOCTM  y/IbTPA3ByKOBOrO  KOHTPOJlfl  ! 
CBAPHbIX  COEflMHEHMM  rA30HE®TEnP0B0fl- 
HblX  TPyB  nPM  MX  nPOM3BOACTBE.  Pt.  H.  UJee- 
HBHKO.  B.  A.  TpotiUKMi^,  n.  B.  0eflopaKa  (Mh-t  9fieKT- 
pocsapm  MM.  E.  O.  narona,  r.Knea,  YKpai^Ha).  Ecan 
30Ha  nepekpbiTMB  HapvoKHoro  m  BHyrpeHnero  ujbob  b 
npBMoiMOBMbix  Tpy6ax  cocraB/iBeT  npuMepno  0,25  lum- 
pMHbi  Banuxa  BunyKnocTU  oiea  n  wienee,  a  30Ha  yab- 
jpasByKOBoro  (VS)  kohtpobb  paswa  ujupMHa  Luna  mtih 
6oabAje,  TO  Aefl'JeKTbi  b  aone  TepMUMecxoro 
{3TB)  HacTMBHo  nonaAatoT  b  30Hy  o6Hapyx<eHHF  i-i  tjiMK- 
cupyioTCB  npn  aBTOMaxMaMpoBai-iHOM  ys  KonTpo/ie. 
i6iaccMc|3MHMpoBaTb  3Xo-cMrHanbi  or  AecfieKTOB  b  mse 
M  3TB  MOXHO  nyreivi  McnoAbaoeaHUfl  pasaimubix  XAac- 
CM4>MKaAMOHHblX  npM3HaKOB  —  aMnBMTyAHoro,  Bpe- 
MeHHoro  MJIH  MsyneHMB  MHAHKaTpiicbi  pacoesHMB  or 
Ae4>eKTOB. 

EcrecTBeHHbie  AecpexTbi,  BOTpeqatomnecB  b  CBapHbix 
coeAMHeHBBX  xpyS,  paa/iUMaKDXca  tJjopMoCi  oxpaxaK)- 
mev^  noBepxHocxM  (KOHcpurypauMfi,  aiepoxoBaxocxb),  a 
xaioKe  Mecxono/ioxeHneM  b  ujBe  m  3TB. 

B  Mexanjie  npnKpoMOMHoii  30Hbi  BCxpeMaioxcB  BbixaHy- 
xbie  BAo/ib  npoKaxa  x<eae3OMapraHU,0BMCXbie  cyxibcpn- 
Abi,  Hacxo  BMGCxe  o  oKcuAaMM  BaHaAUB,  caoxHoii  ainn- 
Hoabio,  cxeKaaMM.  PaaMep  axi-ix  BionoHeHnii 
5,0...2,5mkm.  Mx  6aaA  sarpflSHeHHocxM  no  cyab4)HAaM 
cocxae/iBex  2.. .3,  no  oKciiAaM  m  cn/iMKaxaM  —  2... 5. 
Ohm  rtpsAOxaBAHtox  co6om  cxponxM  cxioxHbix  okomaos 
M  cx6K0/i|  rpy6bi0  cxpomkm  noayriAacxMHHaxbix  cxexoa 
BcoHoxanMM  coKCMAaMi^  M  cyAb0MAafMM.  PasMepcxpo- 
MOK  B  Mcc/ieAOBaHHbix  oSpasuax  AocxMraex  120  mkm  m 
6onee.  Taxue  HeMexaa/iMHecKne  BxaioMeHMB  scxpena- 
KDxcfi  no  Bceti  xo/iiuMHe  Mexa/uia,  b  xom  MMC.ne  b  npM- 

nOBepXHOCXHOM  30He. 

MccaeAOBa.NMSiMM  ycxaHoeneHO,  mxo  nosepxHocxb  Ae- 
(peKxa,  Ha  Koxopyxi  naAaex  VS  BoaHa,  Mojxex  oxpaxxaxb 
3ByKAM(J)tJ)y3HO,  KoxAa  MHAMKaxpMca  paccesiHMB  MMeex 
npaKXMHecKM  Kpyronyio  A^'^rpawiMy;  noayAMcfxJiyaHO, 
KoxAa  MaxcMMaabHaq  Hacxb  sneprMM  VS  BoaHw  oxpa- 
xcaexcB  aepKaabHo,  a  sacxb  — AM4>it>y3Ho;  sepxaabHo, 
KoxAa  MaKCMMyM  sHoprMM  oxpaxcaexcfi  noAyraoM,  pae- 
HbiM  yray  naAOHMB  YS  BoaHW  Ha  nosepxHocxb  AectJeicra. 
OxaMHMXeabHOM  oco6eHHocxbio  liiepoxoBaxoii  naocKOM 
noBopxHocxM  ox  aepKaabHOM  npH  naAOHMM  Ha  Hee  VS 
BoaHbi  BBasiexcB  A^i^na  Boanbi  YS  xoaeOaHMM.  Ecan  bu- 
coxa  HiepoxoBaxocxM  cocxaBaaex  MeHoe  1/3  aJImhu  j 
BoaHbi,  xo  noBGpxHocxb  paccMaxpMBaexca  xax  aep- 
KaabHaa, 

aKcnopMMOHxaabHbie  MccasAOBaHMS  xapaxxepMcxMX 
oxpaxGHMB  OX  Ae(^eKX0B  XMna  HenposapoB,  xpemMH  m 
cxpoMOHHbix  BKaioaenMM  b  STB  noxasaaM,  hxo  ox  Hen- 
poBapa  ocHOBHaa  saoxb  sByKOBoil  sHeprMM  oxpaxaexcB 
sepKaabHo,  x.  6.  MMeexcn  mbxko  BbipaxenHbii1  MaxcM- 
wyM  noA  yraoM,  paBHbiM  yray  naAeHMB  YS  boahw. 


•  improvement  of  regulation  of  metal  inspection  and 
extension  of  service  terms  of  steam  pipelines  including 
welded  joints. 


!  PECULIARITIES  OF  ULTRASONIC  TESTING  OF  WEL¬ 
DED  JOINTS  IN  PIPES  OF  GAS  AND  OIL  PIPELINES 
DURING  THEIR  PRODUCTION.  I.Ya.Shevchenko, 
V.A.Troitsky,  P.V.Fedoryaka  (The  E.O.Paton  Electric 
Welding  Institute,  Kyiv,  UKraine).  If  the  zone  of  overlap¬ 
ping  of  external  and  inner  welds  in  straight  welded  pipes 
is  approximately  0.25  of  the  width  of  bead  of  a  weld 
convexity  and  less,  and  the  zone  of  ultrasonic  (US)  tes¬ 
ting  is  equal  to  the  v/eld  width  and  higher,  than  defects 
in  HAZ  enter  partially  the  zone  of  detection  and  they  are 
recorded  during  automatic  US  testing.  It  is  possible  to 
classify  echo-signals  from  defects  in  weld  and  HAZ  by 
using  different  classified  features,  such  as:  amplitude, 
time  or  study  of  indicatrlx  of  dissipation  from  defects. 
Natural  defects  occurring  in  pipe  welded  joints  are  dis¬ 
tinguished  by  a  shape  of  a  reflecting  surface  (configu¬ 
ration.  roughness)  and  also  by  location  in  weld  and  HAZ. 
In  metal  of  a  near  edge  zone  the  elongated  Fe-Mn  sul¬ 
phides  along  the  rolling  often  together  with  vanadium 
oxides,  a  complex  spinel  and  glasses  are  observed.  The 
size  of  these  inclusions  is  5. 0-2, 5  pm.  Their  degree  of 
contamination  by  sulphides  is  2-3,  by  oxides  and  silica¬ 
tes  —  2-5.  They  represent  lines  of  complex  oxides  and 
glasses,  rough  lines  of  semilaminar  glasses  in  combi¬ 
nation  with  oxides  and  sulphides.  The  size  of  lines  in 
examined  samples  reaches  120  pm  and  more.  Such 
non-metallic  inclusions  are  observed  across  the  whole 
thickness  of  metal  including  the  near-surface  zone. 

’  The  examinations  showed  that  the  defect  surface  to 
which  the  US  v/ave  falls  can  reflect  the  sound  diffusively 
when  the  indicatrix  of  dissipation  has  an  almost  circular 
diagram  and  semidiffusively  when  a  maximum  part  of 
US  wave  energy  is  mirror-reflected  and  a  part  of  it  — 
diffusively;  and  it  is  mirror-reflected  when  the  maximum 
energy  Is  reflected  under  an  angle  equal  to  the  angle  of 
incidence  of  US  wave  to  the  defect  surface. 

The  length  of  US  wave  oscillation  is  the  feature  which 
distinguishes  the  rough  plane  surface  from  the  mirror 
surface  at  USv^ave  incidence  on  it.  If  height  of  roughness 
is  less  than  1/3  of  wave  length,  then  the  surface  is  re¬ 
garded  as  mirror. 

The  experimental  examinations  of  characteristics  of  ref¬ 
lection  from  defects  of  lack-of-penetration  type,  crack 
and  line  inclusions  in  HAZ  showed  that  the  main  part  of 
a  sound  energy  from  the  lack-of-penetration  has  the 
mirror  reflection,  i.e.  there  is  a  clearly  expressed  tnax- 
imum  at  an  angle  equal  to  the  angle  of  US  wave  inci¬ 
dence. 

The  reflection  of  US  waves  of  such  defects  as  cracks  in 
weld  and  line  inclusions  in  the  HAZ  has  a  semi-diffusive 
nature  due  to  the  roughness  of  the  defect  reflecting 
surface,  However,  the  reflection  from  the  line  inclusions 
in  HAZ  has  a  clearly  expressed  maximum  at  an  agnie  of 
reflection  equal  to  the  angle  of  incidence  in  a  mirror 
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OTpa)KeHMe  VS  BOJiHbi  OTjaKHX  flecfiGKTOB,  Ka^rpeuw- 
Hbl  B  UJBe  M  CTpOMeMHbie  BK/!IOHeHHB  B  3TB,  HMeeT  no- 
jiyflmt)c})y3Hbifi  xapaiaep  aa  cmst  iiiepoxoBaTocTM  ot- 
pa)Kaiotnefi  noBepxHocTMflett)eKTa,  OAnaKO  oTpaxcenne 
OT  CTpOMeMHbIX  BK,^IO'^eHH£^  B  3TB  WMeeT  HGTKO  Bbipa- 
xcenHbiPi  MaKCHMyM  nofl  yr^oM  oxpajKeHun,  paBHbiw  yr- 
Ay  naflGHMB  b  aepKa^bHOM  HanpaB/isHMii,  a  xaKxe 
MBHee  HHTencMBHbie  oTpaxceHna  nofl  yr/iaiviM,  otjiuh- 
HbiMM  OT  aepicaBbHoro.  OTpaxsHne  or  rpemiiH  xapaK- 
TepnayeTCB  6o/iee  «pacnBbiBHaTbrM>>  N/iaKcuiviyMOM  b 
aepxaAbHOM  nanpaBBeHnw  n  oxpaxeHneM  noflymawn, 
oxAHHHbiMM  OT  sepKajibHoro,  fljb’  paaqejieHHOM  perwo- 
xpapnn  flscpeKxoB  aina  m  STB  pa3pa6oxaHaTexHOJiornB 
M  yoxaHOBKa  flna  aBXOiviaxusaunn  YB  KOHTpo/ifi. 

nOBbllJUEHME  OBTaEKTMBHOCTO  PESyjJbTATOB 
CEPTMd)MftAl4MM  CnEqUifiJlMCTOB  HEPASPYUIA- 
lOUtErO  KOUTPOn?!  nVTEM  KOMnbMSTEPM' 
3A»4MM  3K3A!VlEHAMMOHHOrO  OPOHECCA.  A.  fl. 

UJeKepo,  B.  A.  Tpovipmvi  (Rh-t  aneKipocBapm 
E.  O.  RaroHa,  r.KmB,  YKpaMHa).  PaccMoxpeHbi  npen- 
MyiuecxBa  m  HeAocxaxKn  cflaHM  o6Li4ero  n  cneunaab- 
Horo  sKsaweHOB  npw  cepTM(t)MKaunn  cneuna/iMcxoB, 
aauHTbix  npoBefleHneM  HepaapymaioLuero  kohtpojib 
npoMbiii.iaeHHbix  o6b>eKXOB. 

Heo6xonnMocTb  nepexoAa  Ha  KownbioxGpubiM  BapManx 
CflaHM  xeopexMHecKMX  SKsaMBHOB  6biJia  BbisBana  cxpew- 
nemeM  Oprana  no  oepxMctjMKauMi-i  nepconaaa  YicpaiiH- 
cKoro  o6LnecTBa  HepaspyujaioiflGro  KOHxpojia  m  xgxhm- 
MecKOM  fliiarHocxMKM  {YO  HhCTfl)  k  noBbiiueHMio  oSi^eK- 
TMBriocTM  npii  npoBeflemiM  m  opeHUBaHMn  sKsaMeKOB. 

B  cxaHflapxe  YO  HKTA  “CncxeMa  cepxMcpMKaflMM  nep- 
coHaaa  no  HepaapyujatoLfleMy  KOHTpo/iio»  aacpenAGHO 
nofloxcoHMe  EN  473  otom,  hto  eflUHCxeeHUbiM  SKaawe- 
HaxopoM  KaHflMflaxa  He  Moxcex  duxb  cnebiMariMcx,  xo- 
TopbiC^  npMHMMaa  ynacTMe  b  noflroxoaxe  flaHiioro  KaH¬ 
flMflaxa,  MflM  xe  ero  pa6oxoflaTejib,  mjim  pa6oTamuiMM 
B  xoM  xce  opraHMsauMM,  hto  m  sKsaMenaxop.  3xo  noao- 
xenne  cnoco6cxByGT  noBUUJeHMio  ofibeKXMBHOCXM  npn 
oueHMBanMM  SKaaMOHa,  oflHaxo  oho  ho  MCKJiroMaex 
cy6bieKTMBHoro  cjjaKxopa  noBHOCTbio, 
riepexofl  K  KOMObioTepHOMy  SKaaweHy  nosBOJiMX  mck- 
aioMMXb  HefloBenecKUM  ({jaxTop  npM  npoBeflennM  m  one- 
HMSaHHM  XeOpeXMMeCKMX  SKSaMGHOB,  KOMPblOXepHblM 
sKaaMSH  MMeex  m  flpyxMe  npenwyuJiecxBa  fl/iB  Bcex 
yHacTHMKOB  cepxMcfiMKaflMM,  Koxopbie  aaKXiioHaioxca  b 
cfleflyioLfleM: 

»  oTBexbi  6yfleT  oneHMBaxb  6ecnpMcxpacxHbiM  komob- 
loxep,  KoxopoMy  6e3pa3/iM'-iHbi  oxnoiiieHMB  KaHflMflaxa 
c  pa6oxoflaxejieM  b  npouj/ioM,  flo/ixuocxb  KaHflMflaxa, 
ero  coflMajibHbiM  cxaxyc,  bosmoxhooxm  KaHflMflaxa  xax 
noTenflna/ibHoro  pa6oxoflaTeaB  sKsaMeHaxopa  m  flp. 
(fljiB  KaHflMfl.axa); 

•  MMOXO  nCMXOJlOrM'ieCKM  XpyflHO  BbICXaBMTb  HSnpOXOfl- 

HOM  6ann  KaHflMflaxy,  Koxfla  SHaeujb,  hxo  b  nyMineM  cny- 
Hae  KaHflMflax  Moxex  npoMrpaxb  b  4)MHaHC0B0M  oxho- 
aiGHMM,  a  B  xyfliiieM  —  Boo6ijLie  noxGpsiTb  padoxy  {fl/iM 
3K3aMeHaxopa); 

•  6oflee  noBHoeflOBepMe  pa6oxoflaxe;tB  k  peay/ibxaxaM 
cepTM0MKauiMM,  fl.axG  BxoM  CAynae,  Korna  cneuMa/iMcx 
He  cepTMit)MLi,MpyexcM  (flan  oprawa  no  cepxHcpMKaflMM); 


direction  and  also  the  less  intensive  reflections  at  angles 
different  from  those  of  mirror  reflections.  The  reflection 
from  cracks  is  characterized  by  a  more  "smashed”  max¬ 
imum  in  the  mirror  direction  and  refelction  at  angles 
different  from  a  mirror  reflection.  Technology  and  equ¬ 
ipment  for  US  control  automation  have  been  developed 
to  have  a  separate  recording  of  defects  of  the  weld  and 
HAZ. 


IMPnOVEf^ENT  IN  OBJECTIVITY  OF  RESULTS  OF 
CERTIFICATION  OF  NDT  SPECIALISTS  BY  COMPU¬ 
TERIZING  THE  EXAMINING  PROCEDURE.  A.L.She- 
kero,  V.A.Troitsky  (E.O.Paton  Electric  Welding  Institute, 
Kyiv,  Ukraine).  Advantages  and  drawbacks  in  passing 
general  and  special  exams  in  ceiHfication  of  specialists 
involved  in  NDT  of  industrial  objects  are  considered. 
The  necessity  of  transition  to  a  computerized  version  of 
pas.sing  theoretical  exams  was  caused  by  the  aim  of 
Body  of  Certification  of  personnel  of  the  Ukrainian  So¬ 
ciety  of  Non-Destructive  Testing  and  Technical  Diag¬ 
nostics  {US  NDTTD)  to  increase  the  objectivity  in  con- 
i  ductance  and  estimation  of  exams. 

I  In  standard  of  US  NDTTD  "System  of  Certification  of 
NDT  personnel”  the  statement  EN  473  indicates  that 
the  specialist  cannot  be  the  only  examiner  of  the  can¬ 
didate  who  took  part  in  training  this  candidate  or  gave 
him  work, or  worked  at  the  .same  organization,  This  sta¬ 
tement  promotes  improvement  of  objectivity  in  exam 
j  estimation,  however,  it  does  not  exclude  completely  a 
i  subjective  factor, 

I  Transition  to  the  computer  exam  v/ili  make  it  possible  to 
exclude  a  human  factor  in  conductance  and  estimation 
of  theoretical  exams.  The  computer  exam  has  another 
advantages  for  all  participants  of  certification,  which  are 
as  follows: 

»  answers  will  be  estimated  by  an  unbiased  computer 
which  is  indifferent  to  the  relations  between  the  candi¬ 
date  and  employer  in  the  past,  position  of  the  candidate, 
hi.s  social  status,  capabilities  of  the  candidate  as  a  po¬ 
tential  employer  of  the  examiner,  etc.  (for  candidate); 

.  it  is  difficult  from  the  psychological  point  of  view  to  put 
an  impassable  estimate  to  candidate  when  it  is  known 
that  he  can  have  financial  tosses,  in  the  better  case, 
while  in  the  v;orsest  case  —  to  lose  the  work  (for  exami- 
nator); 

»  more  complete  trust  of  employer  to  the  results  of  cer¬ 
tification  even  in  the  case  when  specialist  is  not  certified 
(for  the  body  of  certification); 

«  decrease  in  cost  of  certification  at  the  expense  of 
reduction  in  time  spent  by  the  examiners  for  checking 
the  answers  of  candidates  (for  employer). 

The  existing  Ukrainian  structure  of  questions  of  the  ge¬ 
neral  exam  includes  the  questions  with  various  selection. 
A  part  of  questions  of  a  special  exam  has  a  similar  struc¬ 
ture.  Consequently,  the  tran.sition  of  the  general  and  a 
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•  CHM)KeMMe  CTOMMOCTH  CepTH(I)MKaHMl't  33  CMeT  coKpa- 
menufi  BpGMeHM,  saTpaHMBaGMoro  3K3aMenaTopaMH 
Ha  npoBepKyoTBeTOBKanfli/iflaTOB  pa6oToflaTeBB). 
CyiuecTByioaian  b  VKpaMne  crpyKTypa  sonpocoB  oSine- 
ro  aKsawena  —  aro  HCK/HOMHTe/ibHo  Bonpocw  c  mho- 
xecTBeHHhiM  Bbi6opoM.  AManofHMHyto  CTpyicrypy  MMeer 
H  MacTb  BonpocoD  criGUHaabHoro  sKsaMeHa,  C/ieflosa- 
TeribHo,  nepeBo/:;  o6uj;ero  h  nacTM  cneunanbHoro  sk- 
aaMena  Ha  KownbKDTepHbiH  eapHaHT  aScoaioTHo  aorn- 
HeH  M  He  TpeSyeT  or  KanflHflaTa  oco6bix  HaBUKoe  eaa- 
fleHMB  KOMnbtojepoM  (fiOCTaTOHHO  HaxaTMB  HecKoab- 
KMX  KaaBMiii  no  noflCKaaKaM  Ha  MOUHTope 
KOMObiOTepa).  CooTBeTCTByK)U4Me  KOMnbtoxepHbie 
nporpaMMbi  fiaa  neKoropbix  MeioflOB  iiepaapyaiaioine- 
ro  KOHTpoaB,  ypoBnen  KBaaMcpHKapmi,  npoHSBOflc- 
TBeHHbix  ceKTopoB  yxe  pa3pa6oTaHbi  b  M3C  hm.  E.  O. 
naTOHa  M  HcnonhsyioTCB  b  flByx  aKaaweHanMOHHbix 
nenTpax  yKpaHHhi,  Konghho,  Bonpocbi  m  oiBeTU  floax- 
Hbl  6blTb  noaHOCTbK)  KOppeKTHbIMM  M  aficoatoTHo  Ofl- 
HOSKaaiibiMH.  nosTowy  nepefl  nepexoflOM  k  KOMOb- 
lOTepHOMy  napHaHTy  Bonpocbi  h  oTBeibi  noanocTbio  ot- 
pa6aTbiBaioTCFi  m  npoBepaioTca  Ha  HecKoabKHX  nncb- 
MSHHblX  SKaaMeHaUMOHHblX  CeCCHBX. 

Hto  KacaeTCB  Toti  naoTH  cnenMaabHoro  aKsaMena,  ko- 
Topaa  Tpe6yeT  noBecTBoaaTeabHbix  oTBeroB,  oueHiiTb 
TaKOH  OTBGT  KOMPblOTep  HG  MOXeT,  flaXR  ecaH  KaHflH- 
flaT  B  flocTaTOMHOM  cTGneHH  BaafleGT  KaasMaTypoPi 
KOMObioTepa,  nosTOMy  raxMe  sonpocbi  cnenwaabHoro 
aKsaMewa  noxa  MoryT  opeHHBaTbca  ToabKO  aKsaMena- 
TOpOM. 

Dpeflaaraeiviafl  cHCTewia  cflanH  h  opeHHBaHMa  KBaaw- 
cpHKauMoHHbix  SKsaMRHOB  anpo6MpoBaHa  Mcnoabsy- 
eTcn  B  ATTGCTapMOHHOM  UGHTpe  Hepaapyiuaiou^ero 
KOHxpoaa  npM  H3C  hm.  E.  O.  PaTOHa. 

PA3PABOTKA  CFIOCOBA  y/lbTFASBYKOBOrO 
KOHTPOJ1SI  CBAPHbIX  COEAMHEHMM  C  TEXHO- 
/lOrMHECKMM  HEOPOBAPOM.  A.  Jl.  LUeKepo  (Mh-t 
sneKTpocBapKi/i  mm,  E.  O.  narona,  r.KMSB,  VKpaMHa). 
TexHoaorMH  csapKM  HexoTopbix  bmaob  cnapHbix  coeflH- 
HeHMM  npeflycMarpHnaeT  ocraioini-iMCB  TexHoaorHBec- 
KMM  HenpOBap  B  Kopue  UJBa,  Ppi-I  3T0M  COOTBSTCTOyiO- 
upeCi  HopMaTHBi-ioi^  floxyMeHTauHefi  ycTaHaB/iMBaeTcn 
ero  MaxoHMaabHbiti  pasMep.  npo6aeMOM  yabTpasByxo- 
Boro  KOHTpOJlB  CBapHhIX  COeflHHGHMM  C  TeXHOBOrMHeC- 
KHM  HenpoBapoM  BB/ineTCB  c/ioxiiocTb  pacnosHaBaHiiB 
axo-cnruanoB  ot  flecpexTOB  na  cpone  9xo-cnrHajioB, 
oSycBODBeHHbix  TexuoBorHMecxHM  nenpoBapoM  b  xop- 
He  UJBa. 

B  PHOTUxyTe  aneKrrpooBapxM  hm.  E.  O.  PaxoHa  6bi/iM 
Bbino/iHGHbi  eKcnepHMeHTajibHbie  HccaeflOBaHHB  Ha 
MOfleBHX  CeapHblX  COeflHHSHHW  U,U/ll/1HAPH‘JGCXMX  H.3- 
AS/imR  m  Ha  peaBbHbix  c  TexHOBorMueoxMM 

HenpoeapoM  c  nocaeAyioiUHMH  paspyujaioiAHiviH  Hcnu- 
TaHMBMM.  IJleBhK)  3THX  HOCBeAOBaHHfj  6blB  Bbl6op  CHO- 
co6a  M  napaMGTpoB  y/ibTpasByKOBoro  kohtpobb 

UHJIMHAPMHGCXHX  oOl-iGKTOB  paSHOH  TOBU^HHbl  M  0  pa3- 

BMHHbiMM  pasMGpaMH  TexHOBorMHGCKoro  HGnpoBapa. 
PaapadoTaHHbiM  cnoco6  yAbTpasByxoBoro  KOHipoaB 
TaXMX  CBapHbIX  COeAHHGHMH  noaBOAHGT  no  aMnJlHTyA- 


parl  Of  a  special  exam  to  the  computer  version  is  quite 
logical  and  does  not  require  special  habits  of  candidates 
in  using  computer  (it  is  enough  to  press  several  keys 
from  suggestions  on  the  computer  monitor).  Appropri¬ 
ate  computer  programs  for  some  NDT  methods,  levels 
of  qualification,  industrial  sectors  have  been  already  de¬ 
veloped  at  the  E.O.Paton  Electric  Welding  Institute  and 
used  in  tv^o  examining  centers. of  Ukraine.  Certainly,  the 
que.slions  and  an.sv\'ers  should  be  completely  correct 
and  absolutely  ambiguous.  Therefore,  before  transition 
to  the  computer  version  the  questions  and  answers  are 
completely  tested  and  checked  in  several  written  ex¬ 
amining  sessions. 

As  to  that  part  of  a  special  exam  which  requires  the 
narrative  answers,  then  the  computer  cannot  estimate 
this  ansv.'er  even  when  the  candidate  can  use  the  com¬ 
puter  keys  properly.  Therefore  these  questions  of  the 
special  exam  can  be  estimated  now  only  by  Ihe  exami¬ 
ner. 

The  suggested  system  of  passing  and  estimating  qua¬ 
lification  exams  was  tested  and  used  In  Attestation  Cen¬ 
ter  of  NDT  at  the  E.O.Paton  Electric  Welding  Institute. 


DEVELOPMENT  OF  A  METHOD  OF  USX  OF  WELDED 
JOINTS  WITH  A  TECHNOLOGICAL  LACK  OF  PENET¬ 
RATION.  Shekero  A.L.  (E.O.Paton  Electric  Welding  In¬ 
stitute,  Kyiv,  Ukraine).  The  welding  technology  otsome 
types  of  welded  joints  envisages  the  technological  re¬ 
maining  lack  of  penetration  in  the  weld  root.  Here,  its 
maximum  size  is  set  by  an  appropriate  standardized 
documentation.  The  ultrasonic  testing  (UST)  of  welded 
joints  with  a  technological  lack  of  penetration  is  rather 
complicated  by  a  detection  of  echo-signals  from  defects 
on  the  background  of  echo-signals  caused  by  techno¬ 
logical  lack  of  penetration  in  a  weld  root. 

The  Paton  Institute  has  made  experimental  investigati¬ 
ons  on  the  models  ot  welded  joints  of  cylindrical  products 
and  on  real  weldments  with  a  technological  lack  of  pe¬ 
netration  with  next  fracture  tests.  These  investigations 
were  aimed  at  the  selection  of  a  method  and  parameters 
ot  ultrasonic  testing  for  cylindrical  objects  of  different 
thickne.sses  and  with  different  sizes  of  a  technological 
lack  of  penetration, ' 

The  developed  method  of  the  ultrasonic  testing  of  these 
welded  joints  can  define  the  cause  of  initiation,  excee¬ 
ding  of  a  maximum  size  of  a  technological  lack  of  pe¬ 
netration,  orientation  and  a  shape  of  a  discontinuity  by 
the  amplitude  and  time  characteristics  of  the  reflected 
signal.  The  use  of  three  types  of  waves  (longitudinal, 
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HbiM  M  BpeMeHHbiM  xapaKTepucTHKaM  oTpaxeHHoro 
curna/ia  ycxaHOEHTb  npnwnHy  BosHUKHOBeHns,  npeBbi- 
ujenne  MaKCHMa^bHoro  paaMepa  TexHojiorvmecKoro 
Henpooapa,  opuenTaumo  m  (jDopwy  Heon/ioiuHOCTH.  \Ac- 
noBbsoBaHMerpexTunoB  bobh  (npoflOBbHbix,  nonepen- 

HblX  M  rOBOBHblX)  nOSBOJlBeT  nOBbICMTb  flOCTOBepHOCTb 

yBbipaas'/KOBoro  Koi-iTpo/iB  aa  cneT  BbiaBBenufi  Hecn- 
/ioujHocTeti  paa/iuMHoro  Tuna  m  opueHTamin.  ripeA-no- 
xettHbiM  MMMepcMOHHbiCi  cnoco6  BBOfla  yjibTpasByxo- 
BblX  BOflH  B  MSASBUe  n03B0aBGT  KOHTpOJlUpOBaTb  CBap- 
Hbie  M3Ae/IHB,  OCymeCTBBBfl  CKaHHpOBaHUe  HeTOBbKO 
B  OKO/lOUJOBHOii  30He,  HO  M  HenoCpBACTBeHHO  HaA 
CBapHbIM  LUBOM,  MTO  Aaef  B03MOXHOCTb  nOBblCHTb  OpO- 
HSBOAHTeJlbHOCTb  KOHTpO/lB. 

Co3AaHo  cneqHanbHoe  cxaHMpyioiAeeycTpoiJicTBo  a^h 
peaBH3ai4MM  SToro  cnocoSa  kohtpojih  m  npeAcraBae- 
HHB  pesyabTaTOB  kohtpobb  b  bha©  pa3BepTKi-i  TMna  B- 
scan,  paapafioTana  xexHO/iorHB  y/ibTpasByxoEoro  koh- 
rpO/lB  CBapHbIX  COeAHHeHMii  LtMBHUAPUHeCKMX  M3Ae- 
miA  c  TexHOBorMHecKHM  HenpoBapoM. 


transverse  and  principal)  makes  it  possible  to  increase 
the  truth  of  the  ultrasonic  testing  by  revealing  of  discon¬ 
tinuities  of  different  types  and  orientation.  The  sugges¬ 
ted  immersion  method  of  ultrasonic  waves  input  to  the 
weldment  can  control  the  latter  by  scanning  not  only  in 
HAZ  but  also  directly  over  the  weld,  that  gives  an  op¬ 
portunity  to  increase  the  inspection  efficiency. 

A  special  scanning  device  for  realization  of  the  method 
of  this  control  and  representation  of  resuits  in  the  form 
of  a  scanning  of  the  B-scan  type  and  also  technology 
of  ultrasonic  testing  of  welded  joints  of  cylindrical  objects 
with  a  technological  lack  of  penetration  have  been  de¬ 
veloped. 
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CBAPHblE  KOHCTPymi^M 

flECt>OPMALlMM  M  PEAKTMBHblE  MOMEHTbl  B 
CBAPHbIX  KOHCTPYKLiMSlX  lUAXTHbIX  KPEnEPi. 

M.  AnbTep,  E.  n.  Boesofta  (Eoc.  tbxh.  yn-T,  r.  Kapa- 
raa/xa,  PecnySnt^Ka  KaaaxoTaH).  nepeKpbiTHvi  wexaHH- 
anposaHHbix  Kpeneti  npGflcTaBJinKiT  co6oi^  xecTKyio 
KOHCTpyxumo  Kopo6HaToro  ceHeuMn,  cocToamyio 
flByx  npoflo/ibHbix  SajioK,  coeflUHeHHbix  wexcfly  co6oR 
npaMoyroiibHbiM  sepxHMM  ;imctom,  pefipawM,  nepero- 
poflxaMM,  flMa(|>parMaMM.  Me)Kfly  6a;!KaMM  pacno;io- 
xeHbi  anTbie  onopw  rMApocToex.  npii  asmctbum  aa 

LuaxTHyto  Kpenb  aarpyaoK  ot  ropHoro  flaBaeann  o6iuee 
aanpn)K8aHO-fle(J)opMwpoBaaaoe  cocToaaae  nMeei 
caoxHbiti  xapaxTop  a  aaBMcat  ot  pafla  cjsaKTopoB,  btom 
aacBe  ot  aajiaaaH  h  xapaxrepa  pacnpeaeaeawB  ocTa- 
TOMHbix  aanpaxenafi.  HanpaxeauB  ot  ropaoro  ABBaeauB 
B  KoacTpyKMHM  xpena  cyMMupywTca  c  ocTaToaabiMa  aan- 
pBxeHaBMM,  ripa  otom  b  csapabixya/iax  AeacTsyioT  Bayr- 

peaaaeaaradaiou^MeMOMeaTbi.ypaBHOBeiiiaBaioiAaeMx 

peaKTMBabie  MOMSHTbi,  a  B  awcTOBOM  noBOTae  —  npo- 
Ao/ibabie  a  nonepeaabie  ycaAOHHbie  cmbu. 

PeaiaaBabie  MOMeaTbi  b  csapabix  yaaax  BbiabiBaioTca 
MX  ynpyrocTbK).  SHaaeaMB  peaKTMBabix  momohtob  npo- 
nopuMOHa/ibHbi  BHyrpGHHMM  MarneatoLAMM  MoweaTaw 
OT  ocTaToaabix  aanpaxeaMti,  ycaAoaahiM  cMBaM  m  aa- 
BMCBT  OT  XeCTKOCTM  cBapabix  ySJlOB. 

DojiyaeHa  aasMcnMOCTb  ajib  onpeAeaeaHB  peamieabix 
MOMearoB.  flaa  stoto  peiueao  Anc^cfepeanMaabaoe 
ypaBHeaMe  ynpyroM  jimhmm  /imctoboto  noaoTaa  kohc- 
TpyKUMM  xpenM,  noAKpenaeaaoro  pe6paMM. 
fleficTBue  poaKTMBHbix  mombutob  ypaBHOBeoiMBaeT 
BHyrpeaane  MarndatoinMe  MOMeaTw  ot  ocTaTOHaux 
aanpaxeanii,  b  hskotopom  CTenean  caMxaoT  Aec})op- 
MaTMBaocTb  BMCTODoro  OBOTaa  M  yseaMHHBaeT  aecy- 

LUyiO  Cn0C06a0CTb  KOHCTpyKAMM, 

CTa6MJiM3aAMM  aanpaxeaao-AetJJopMiipoBaHHoro  coc- 
TOBHMB  KOHCTpyKAMM  Kpsneia  MOXHO  AOCTMMb  B  pGSyBb- 
TaTe  AeneaanpaRBeHaoro  npnaoxeaMa  BayrpeaaMX 
M3rM6aioaB'ix  MOMeaTOB  b  ayxHbix  ceaeaMBX  (aanpu- 
Mep,  nyreM  aaoTiaBaeaiiB  cBapubix  saanxoB  mbm  paa- 
MeLueHMB  Aono/ianTeababix  pe6ep  xecTKocTM).  flpn 
3TOM  aaaHeHMB  BayTpeaaax  M3rM6aioiAMx  MoweaTOB 
onpeABJiBioTCB  no  noByBeaawM  aasMCMMOCTBM. 

nPMMEHEHME  BMBPOOBPABOTKM  CHMXCE- 
HMJJ  OCTATOHHbIX  HAnPJIKEHMM  B  KOHCTPYK- 
UMSJX  UlAXTHfalX  KPEHEM.  H.  M.  A.nbiep,  E.  H.  Bo- 
eBOfia  (Eoc.  tbxh.  yn-r,  r.  Kaparanpa,  Pecny6jinKa 
KaaaxcraH),  E.  X.  HacbipoB  (METy  mm.  H.  9.  BayMana, 
r.MocKBa,  P0).  3KcnepMMeHTanbabie  m  TeopeTMaeoKMe 
MccBOAOBaanB,  npoBeAOHHbie  aBTopaMM  noxasaBM  scp- 
cJieKTMBancTb  caMxeaMB  ocTaToaabix  aanpaxeatiM  b 
peayjibTaTe  npuMeaeai-iB  BM6poo6pa6oTKM  b  pexuwie  m3- 
MeHBioa;Gi^cq  peaoHaacHOM  aacTOTbi.  BM6poo6pa6o7Ka 
CBapabix  KOHCTpyKUMM  Luaxrabix  Kponeii  M130  m  20Kn70 
npoBOAM/iacb  aa  aacTOTax  36,  48,  52  Tp,  npuMGM  kohc- 
TpyxuMM  onupaniicb  aa  ynpyrae  onopbi.  npoAOBXMrefib- 
aOCTb  BM6pMpOBaHMB  Ha  Ka>KAOM  aaCTOTG  COCTaBBHJia  20 
MMH.  riOA  BOSAGMCTBHGM  BM6paUMM  B  KOHCTpyXpMBX  HpO- 
MCXOAM/IM  HGpaSHOMepHblG  RO  CGHGHMIO  MSMGHeHMB  00- 
TaTOHHblX  aanpBXCGHMM,  CHMXGHMG  OCTaTOHHbIX  aanpBXG- 
HMM  b6bm3m  CBapabix  liiBOB  AOCTMfano  65.. .70  %. 

B  ocaoBy  mgtoahkm  ncnbiTaaMH  aajioxGH  peaoaaHcabiM 
pexMM  BM6poo6pa6oTKM  CBapabix  KOHCTpyKpMii,  npvi 
KOTOpOM  BblHyXAGHHblG  HanpBXeHMB,  CyMMHpyBCb  c 


DEFORMATIONS  AND  REACTIVE  MOMENTS  IN 
WELDED  STRUCTURES  OF  MINE  SUPPORTS. 

I.M. Alter,  E.P.Voevoda  (State  Techn.  Univ.,  Karaganda, 
Kazakhstan  Republic).  The  ceiling  of  mechanised  sup¬ 
ports,  as  a  rule  is  a  braced  structure  of  box  cross-sec¬ 
tion,  consisting  of  two  longitudinal  beams  connected  by 
a  rectangular  upper  sheet,  stiffeners,  partitions  and  di¬ 
aphragms.  Cast  supports  of  hydraulic  props  are  located 
between  the  beams.  At  the  impact  of  loads  from  rock 
pressure  on  mine  supports,  the  total  stress-strain  state 
is  of  a  complex  nature  and  depends  on  a  number  of 
factors,  including  the  presence  and  nature  of  distribu¬ 
tion  of  residual  stresses.  The  stresses  due  to  rock  pres¬ 
sure  in  the  support  structure  are  added  to  the  residual 
stresses.  The  inner  bending  moments  act  in  the  welded 
connections,  balancing  their  reactive  moments,  and  the 
longitudinal  and  transverse  shrinkage  forces  develop  in 
the  sheet  panels. 

The  reactive  moments  In  the  welded  connections  are 
caused  by  their  elasticity.  The  values  of  the  reactive 
j  moments  are  proportional  to  the  inner  bending  mo¬ 
ments  due  to  residual  stresses,  shrinkage  forces  and 
depend  on  the  welded  connection  rigidity. 

A  relationship  has  been  derived  to  determine  the  reac¬ 
tive  moments.  The  differential  equation  of  the  elastic 
line  of  a  sheet  panel  in  the  support  structure  reinforced 
with  stiffeners  was  solved  for  this  purpose. 

Theaction  of  the  reactive  moments  places  in  equilibrium 
the  inner  bending  moments  due  to  residual  stresses, 
somewhat  lowers  the  sheet  panel  deformability  and  in¬ 
creases  the  load-carrying  capacity  of  the  structure. 
Stabilisation  of  the  stress-strain  state  of  the  support 
structures  can  be  achieved  by  a  purposeful  application 
of  the  inner  bending  moments  in  the  required  sections 
(for  instance,  by  deposition  of  weld  beads  or  placing 
additional  stiffeners).  In  this  case  the  values  of  inner 
bending  moments  are  determined  from  the  derived  de¬ 
pendencies. 


APPLICATION  OF  VIBRO-TREATMENT  FOR  DECRE¬ 
ASE  OF  THE  RESIDUAL  STRESSES  IN  STRUCTURES 
OF  MINE  SUPPORTS.  LM. Alter,  E.P.Voevoda  (State 
Techn.  Univ.,  Karaganda,  Kazakhstan  Republic), 
G.Kh.Nasyrov  (N.E.Bauman  MSTU,  Moscow,  Russia). 
Experimental  and  theoretical  investigations  conducted 
by  the  authors  showed  the  effectiveness  of  lowering  the 
residual  welding  stresses  by  vibro-treatment  in  the 
mode  of  varying  resonance  frequency.  Vibro-treatment 
of  welded  structures  of  M130  and  20KP70  mine  sup¬ 
ports  was  performed  at  the  frequencies  of  36,  48,  52  Hz 
with  the  structures  resting  on  elastic  supports.  Vibration 
duration  at  each  frequency  was  20  minutes,  Changes 
in  residual  stresses  non-uniform  across  the  cross-sec¬ 
tion,  occurred  in  the  structures  under  the  impact  of 
vibrations.  Lowering  of  residual  stresses  near  the  welds 
was  up  to  65-70  %. 

The  testing  procedure  is  based  on  the  resonance  mode 
of  welded  structure  vibro-treatment  in  which  the  indu¬ 
ced  stresses  adding  up  to  the  residual  welding  stresses 
promote  the  development  of  plastic  deformations  in  the 
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CBAPHUE  KOHCTPymm 


WELDED  STRUCTURES 


OCraTOHHblMW  OBapOMHbIMM  HanpBXeHMBMM,  cnoco6cT- 


pfiKeHHbix  ceHeHMBX  KOHCTpyKpMM.  B  nponecce  BM6po- 
o6pa6oTKM  H  cHM>KSHna  ocxaTOHHbix  Hanpf(x<eHMPi  nac- 
Toxa  co6cxBeHHbix  KoaegaHMfi  KOHcxpyKi4HM  yMeHbiiia- 
exca  flo  6. ..8  T p. 

MccaeflOBaHne  KO/ie6aHMM  npM  BM6panMOHHOM  cnoco- 
6e  o6pa6oxKM  csofluxcq  k  onpefleaewnio  aMnnuxyflHO- 
BacxoxHbixxapaKxepncxMK  paaanHHbtx  pe>KMMOB,  b 
aaBUCHMocxM  ox  xoxopbix,  a  xaioxe  ox  Hacxoxbi  CBo6ofl- 
HblX  KOae6aHHM  CUCXOMbl  Bbl6npaK3X  Heo6xOflMMyK5 
aMnanxyfly  KOjie6anMM  m  peaoHaHcayio  qacxoxy.  Paa- 
paSoxana  cxeMa  BM6poo6pa6oxKM  HanpBxteHHhix  koh- 
cxpyKUMM,  ocHOBaHHaa  Ha  BBaenHw  CMemeHHH  peao- 
HaHCHoti  aoHbi.  ComacHo  npeAaaraeMoti  xexHonorHM, 
BM6poo6pa6oxKa  HaHWHaexcB  ne  b  pexHwe  pesonaHca, 
a  BXoflMx  B  Hero  nocxenenno,  no  wepe  cHuxemw  oc- 
xaxoHHbix  HanpsxceHHM,  CMeiueuMB  pesoHancHOH  aoHbi 
M  yBeaM'ieHMB  awnaHxyflbi  Koae6aHMti. 

HMC/IEHHOE  MCC/IEflOBAHME  OCTATOMHbIX 
HAnPflMCEHMM  M  flEOOPMALtMM  nPM  PYSHOil  M 
ABTOMATMHECKOM  CBAPKE  /IMCTOBbIX  KOHC- 
TPVKUMfiflOMEHHOrO  KOMR/IEKCA.  HD.  H.  Satoee 
(Vpa/i.  roc.  apxiiT.-xyflo)K.  axafl.,  r.  EKarepnHdypr,  P<P), 
H.  PI.  fipo6b!UjeBCKm,  A.  C.  0nmnnoB  (Mh-t  npo6neM 
6e3onacHoam  ft  BfiepnoU  oHeprernKe,  r.MocKBa,  P0}. 
fljiB  pyHHOM  MHoronpoxoflHOH  cBapxM  cxaabHoro  xoxyxa 
AOMeHHOH  neHM  (flri)  m  BOSAyxoHarpeBaxeaq  (BH)  yxoH- 
Hena  KOHe'iHoaaeMGHXHaB  wexoAnxa  pacnexa  m  HayneMbi 
ocxaxoHHbie  HanpBXRHMB  m  AeftiopMapMH. 

B  pacnexHofi  MOAeaH  npHHHXbi  caeAVioLUMe  AonyiAR- 
hmb:  aapana  BBHBexcB  ocecMMMexpMHHOii;  Maxepwaa 
cHHxaexoB  ynpyronaacxMHecKMM,  noAHMHBioLqnMCfi 
KpMxepHio  xeKynecxM  Mnaeca;  aaBMCBiuHMn  ox  xeMne- 
paxypbi  BBaaioxcB  npeAe/i  xeKysecxn,  MOAy/ib  Hop- 
MaribHOH  ynpyrocxM,  K03(t5(t>MLineHX  xepMMHectcoro 
pacLUMpeHHB,  K03ct)(t)i'iu,tieHX  xenaonpoBOAHocxH  i-i 
yAeJibHaa  xenxioeMKocxb.  B  pacnexHOM  cxeMo  Mcnoxib- 
ayiox  Hexbipexyro/ibHbie  /iHHetiHbie  n  6nanHefiHbie  ko- 
HGHHbie  aaeMSHXbi. 

Tewnepaxypa  cBapKii  sawexHO  npeBbimaex  xeranepa- 
xypy  njiaB/ieHHB  Mexaaxia,  Koxopbifi  n/iaBHxcB,  norao- 
unaB  xenao,  a  npn  ocxbiBaHMH  oxAaex  ero  b  oKpy>Kaio- 
luyio  cpeAy.  3xn  npopeccbi  yHMXbiBaiox  npM  pemeHHM 
ypaBHeHMB  xenaonpoBOAHOcxH .  Tenao  csapo'iHOM  Ayn 
bboamxcb  c  noMoiubio  noxoKOBbix  rpaHHHHbix  ycaoBuR. 
noxoK  xenaa  CBapoMHOH  AVrM  no  nnxny  narpesa  chm- 
xaGxcB  pacnpGAeaeHHbiM  coraacHO  rayccoBy  aaKony. 
npeAnoaaraexcB,  hxo  aob  oxAeabHoro  npoxopa  CBap- 
Hoii  UJOB  HaKaaAbiaaiox  oAHOBpeMeHHO  no  Bcefi  A/iHHe. 
B  HMcaeHHOH  MOAeaH  npoeeAeno  oS-bOAMHeHMe  Asyx 
npoxoAOB  B  OAHH  «MaKponpoxoA»  nyxew  HcnoabsOBa- 
HMB  xaK  HaabiBaeMoro  npMHUMna  oTXKMraioLAero  BaaM- 
Ka,  coraacHO  xoxopoMy  xaxcAbiM  nocaeAVioiAHfi  npoxoA 
B  sHaHMxeabHoR  cxenenn  cHHMaex  m  nepeonpeAeanex, 
«ox)(cnraex»  HanpBxeHHo-Aect)opMMpoBaHHoe  cocxob- 
Hue  (HflC),  BosHHKOiee  b  oKpecxHocxH  cBapnoro  iiiBa 
Ha  npeAbiAymsM  npoxoAe. 

MayHeHbi  ocraxo'iHwe  cBapoHUue  HanpB)KGHMB  n  pe- 
4)opMaAMM  (CHfl),  oepasyioiuMOCB  npn  CBapxe  Koab- 
ASBoro  UJBa  b  unanHApnHecKoPi  o6oaoHKe  Koxq/xa  pw- 
awexpoM  10  m,  BbinoaneHUOM  H3  cxaaH  09r2C  (Cx3) 
npn  K-o6pa3Hofi  paaAeaxe  KpoMox,  OnpeAeaeno  noae 


stressed  sections  of  the  structure.  The  frequency  of  the 
structure  natural  oscillations  during  vibro-treatment  and 
residual  stress  lowering  drops  to  6-8  Hz. 

Investigation  of  vibrations  in  the  vibrational  method  of 
treatment  is  reduced  to  determination  of  the  amplitu¬ 
de-frequency  characteristics  for  various  modes.  The  re¬ 
quired  value  of  vibration  amplitude  and  the  resonance 
frequency  are  selected  depending  on  these  charac¬ 
teristics  and  frequency  of  free  oscillations  of  the  system. 
A  procedure  of  vibro-treatment  of  stressed  structures 
based  on  the  phenomenon  of  the  resonance  zone  shif¬ 
ting,  was  developed.  With  the  proposed  technology, 
vibro-treatment  does  not  start  in  the  resonance  mode, 
but  gradually  goes  into  it  with  lovyering  of  residual  stres¬ 
ses,  resonance  zone  shifting  and  increase  of  oscillations 
amplitude. 


NUMERICAL  INVESTIGATION  OF  RESIDUAL  STRES¬ 
SES  AND  DEFORMATIONS  IN  MANUAL  AND  AUTO¬ 
MATIC  WELDING  OF  SHEET  STRUCTURES  OF  A 
BLAST  FURNACE  COMPLEX.  Yu.P.Baishev  (Urals 
State  Academy  of  Architecture  and  Arts,  Ekaterinburg, 
Russia),  N.i.Drobyshevsky,  A.S. Filippov  (Institute  of  Sa¬ 
fety  Problems  in  Nuclear  Power  Industry,  Moscow,  Rus¬ 
sia).  FEM  calculation  procedure  has  been  determined 
more  precisely  and  residual  stresses  and  strains  have 
been  studied  for  manual  multipass  welding  of  a  steel 
casing  of  a  blast  furnace  (BF)  and  air  heater  (AH). 

The  following  assumptions  were  made  for  the  calcula¬ 
tion  model:  the  problem  is  regarded  as  axially  symmet¬ 
rical;  the  material  is  considered  to  be  elastoplastic  sa¬ 
tisfying  von  Mises  criterion;  the  yield  point,  normal  mo- 
i  dulus  of  elasticity,  coefficient  of  thermal  expansion,  co¬ 
efficient  of  heat  conductivity  and  specific  heat  content 
depend  on  temperature.  Rectangular  linear  and  bilinear 
finite  elements  are  used  in  the  calculation  procedure. 
Welding  temperature  is  significantly  higherthan  the  mel¬ 
ting  temperature  of  the  metal  which  melts  absorbing 
the  heat  and  when  cooling  releases  it  into  the  environ¬ 
ment.  These  processes  are  taken  into  account  when 
solving  the  heat  conductivity  equation.  The  heat  of  the 
welding  arc  is  incorporated  through  flow  boundary  con¬ 
ditions.  The  welding  arc  heat  flow  is  considered  to  be 
distributed  over  the  heated  spot  by  the  Gaussian  law. 

It  is  assumed  that  for  an  individual  pass  the  weld  is 
simultaneously  deposited  along  the  entire  length.  In  the 
numerical  model  the  two  approaches  were  combined 
into  one  macroapproach  based  on  the  principle  of  the 
so-called  annealing  bead,  according  to  which  each  sub¬ 
sequent  pass  considerably  relieves  and  changes,  na¬ 
mely  anneals  the  stress-strain  state  (SSS)  formed  in 
the  vicinity  of  the  v/eld  in  the  previous  pass. 

Residual  welding  stresses  and  strains  (RWSS)  were  stu¬ 
died  which  form  in  welding  of  a  circumferentiai  weld 
with  a  K-shaped  groove  in  the  cylindricai  shell  of  a  blast 
furnace  casing  1 0  m  in  diameter,  made  of  09G2S  (St.3) 
steel.  The  temperature  field  and  SSS  in  the  calculated 
area  during  the  v;elding  process  were  determined  and 
the  bulk  residual  SSS  was  derived.  The  influence  of  the 
welded  casing  thickness  and  welding  sequence  on 
RWSS  was  analysed,  It  is  shown  that  for  the  considered 
casing  thicknesses  {40,  50,  60  mm)  and  groove  shape. 


WELDED  STRUCTURES 


CBAPHblE  KOHCTPyKUMM 


Tewneparyp  m  HanpdJKGHHO  flecpopMupoBaHnoe  cooto- 
qHMe  B  pacHeTHOM  o6;iacTH  Ha  npoTB?Ke!!HM  csapoHHoro 
npouecca.  flo/iyMeHO  oSteMHoe  ocxaTO'iHoe  HflC. 
ripoaHanuBMpoBaHo  b^imbhmg  na  CHfl  To/iu^wnbi  cea- 
pwBaeMoro  KO)Kyxa  m  nopaiiKa  c/ieflOBaHMa  ceapoMHL.ix 
npoxoflOB.  rioxaaaHO,  hto  ftnn  paccMOTpenHbix  ToaiuiiH 
Koxcyxa  (40,  50,  60  mm)  m  cnocoOa  paa^e/tKi/i  kdomok 
nopsiAOK  ojieflOBaHHfi  npoxoflOB  Moxer  KaMSCTBeuHO 
MSMSHHTb  KapTMuy  pacnpefleABHUB  CHfl. 

HaaojKGHHaa  MSTOAi-iKa  npHMBHeHa  laioKe  A-na  aHannaa 
CHfl,  BosHUKatoiunx  npn  aBTOMaiHHecKoii  MHoronpoxoA- 
HOM  cnapKeKOxyxa,fl,n(BH).  noayMeHHbie  pacneTHbieAsn- 
Hbie  npuBeASHbi  a^b  KOHennoro  coctobhhb  (ocTaTOHHue 
HanpaxenHB)  b  bmas  naonnHiiH  HanpBxeHMW,  ripotJ'HaeM 
HanpBxeHUM  m  HHTeHCHBHOcieM  HanpBx:eHHM. 
VcTaHoaneHo,  hto  ocraio'iHbie  nanpaxennB  ct^,  asmc- 
TByiOmne  BAO^'bTO/imHHbl  CBapHOro  COeAHHffHMB,  B  -3-5 
paa  Mei-ibiiie  HanpaxeHHM  HanOo/ibiuero  aHaneMHB 
AocTwraioT  cBapoHHbie  HanpqxeHiia  AewcTBytomne 
BAOJib  TOJiiAMHbi  cBapHoro  aiBa  (npHMepno  b  2  paaa 
6oAbiJje,  HGM  (Ty,  M  B  6-10  pa3  6oBbaie  a^. 

XapaxTep  pacnpeAS/ieHUft  Hanpaxenun  m  cy- 

mecTBGHHO  pasjiMHHbifi,  HanpviMep,  ftnB  Cj^aoHa  cxh- 
MafOLAHX  ManppxeHMfi  naxoAHTCfi  na  nepMcJ^epiin  csap- 
Horo  coeAHHGHMB,  npuMeM  no  ToamuHe  ohm  pacnpe- 
Ae/ieHbi  npaxTHHecKM  paBHOMepHo.  Sona  cxtiMaiom,Mx 
HanpaxeHMM  pacnoaoxeHa  b  loame  Koxyxa  cmm- 
MeTpMHHO  CBapHOMy  COeAMH6HMIO. 

CaeAysT  OTMOTMTb  AocTaTOHHo  paBHoMepHWM  xapax- 
rep  pacnpeAeaeuMB  MHTeHCMBHocTM  HanpaxemiM  o,  no 
TOAiUMHG  CBapMBasMbix  aMCTOB  M  HenpGphiBHoe  Hapac- 
TaHMe  anaMeHMM  c,-  ot  nepMcf^epMM  k  neHxpy  ceapnoro 
coeAMneHMB.  Dpn  3Tom  b  oOaacTM  nnacTMHecxHX  ne- 
CflopMaAMM  (BGCbCBapHOM  lilOB,  STB  M  HaCTb  OCHOBHorO 
Meranaa)  sHaHGHMe  Gj  npaKTMHGcxM  nocTOHHHO, 
CpaBUGHMe  3TMX  peayBbTaTOE  c  AaHHbiMM  pacHera  oc- 
jaTOHHbix  HanpaxenMM  npM  pyHHOM  MHoronpoxoAHOM 
cBapKO  noxaawBaeT,  mo  b  nocaeAneM  cayaae  ohm  hbm- 
HOrO  MSHbtUe,  HTO,  nO-BMAMMOMy,  CBBSaMO  C  MeHbUISfi 
noroHHOM  aneprMOM,  aaxpaHMBaeMOM  A^m  oahoto  npo- 
xoAa  npw  pyHHOM  CEapxe.  noayneHHbie  pacHexHbie  po- 
ayabxaxbi  yAOBaexBopMxeabHo  coraacytoxcB  c  mmoio- 
lAMMMOf!  SKCnepMMeHXaJlbHblMM  AaHHbiMM  APyrMX  aB- 
XOpOB. 

PACHrrHASI  OI4EHKA  nOKASATEXlEM  HAAE)K- 
HOCTH  ilMCTOBblX  KOHCTPYKIAMM  flOMEHHOPO 
KOMH/JEKCA.  /O.  H.  Bamica  (Vpa/i.  apxMT.-xyflo>K. 
aK3A-,  r.EKaTepm6ypr,  P0),  B.  11.  HacejjKMH  (AO 
<typanMaiJJ>,  r.Exarepi^HEypr,  P0).  Pa3pa6oxaHbi  mg- 
xoAMKa  M  KOMHbioxepHaq  nporpaMMa  paonexa  sepofix- 
HocxM  6e3oxKa3HOM  paSoxbi  m  Ao/iropeMHocxn  Kox<yxoB 
AOMGHHbix  neHGM  (fln)  M  BosAVXOHarpeBaxeaGM  (BH)  b 
aasMCHMocxM  ox  ypoBHB  HanpaxoHHoro  cocxobhmb. 
OueviKa  HaABXHOcxM  Bbino/iHena  ajib  HaMOoaee  narpy- 
xeHHHX  ceHBHMM  KoxyxoB  fln  M  BH  c  McnoJibaoBanMeM 
MexoAMKM  npoeKXMpoBOHHoro  pacHexa, 

B  ocHOBy  pacnexa  noAoxeHo  ycAOBMe  npoHHOcxM 
cxajibHbix  cxpoMxe/ibHbix  KOHCxpyKUMfi  no  nepeoMy 
npeAGAbHOMy  cocxobhmio  b  bmag  BapManMOHHoro  He- 
paseHCXsa 

ZS.n^  <  m-Fih^Ry  /e,R2--'  )■ 

Ha  ocHOBaHMM  xeopeMbi  o  KOMnosMUMii  rayccoBbix  pac- 
npeAeASHMfi  BepoHXHocxb  OeaoxKasHOM  pa6oxb!  xoxy- 


the  welding  sequence  can  produce  a  qualitative  change 
in  RWSS  distribution  pattern. 

The  described  procedure  was  also  applied  for  analysis 
of  RWSS  developing  in  automatic  multipass  welding  ot 
BF  (AH)  casing,  The  derived  calculation  data  are  given 
for  the  final  state  (residual  stresses)  in  the  form  of  stress 
isolines,  stress  profiles  and  stress  intensities. 

It  is  found  that  residual  stresses  acting  across  the 
welded  joint  thickness,  are  3  to  5  times  smaller  than  Oy 
stresses.  Welding  stresses  acting  across  the  weld 
thickness  have  the  highest  values  (approximately  2 
times  higher  than  Oy  and  6  to  10  times  higher  than  o^). 
The  nature  of  distribution  of  Oy  and  stresses  is 
essentially  different.  For  instance,  for  the  compres¬ 
sive  stress  zone  is  on  the  welded  joint  periphery,  they 
being  practically  uniformly  distributed  across  the  thic¬ 
kness.  The  zone  ot  Oy  compressive  stresses  is  located 
in  the  casing  thickness  symmetrically  to  the  welded  joint. 
Note  a  uniform  enough  nature  of  distribution  of  the  in¬ 
tensity  of  CTy  stresses  across  the  thickness  of  the  sheets 
being  welded  and  a  continuous  rise  ot  o,-  values  from 
the  periphery  to  the  welded  joint  center.  In  the  plastic 
deformation  region  (all  of  the  weld,  HAZand  part  ot  the 
base  metal)  o,-  value  is  practically  constant. 
Comparison  of  these  results  with  the  data  of  calculation 
of  the  residual  stresses  in  manual  multipass  welding 
shows  them  to  be  much  smaller  in  the  latter  case,  this 
being,  probably,  related  to  a  lower  heat  input  consumed 
in  one  pass  in  manual  welding.  The  derived  calculation 
results  agree  well  with  the  available  experimental  data 
of  other  authors. 


ESTIMATION  OF  RELIABILITY  CHARACTERISTICS 
OF  SHEET  STRUCTURES  OF  A  BLAST  COMPLEX. 

Yu.  P.  Balshev,  (Urals  Academy  of  Architecture  and  Arts, 
Ekaterinburg,  Russia},  V.I.Nasedkin  (AO  Uralmash, 
Ekaterinburg,  Russia).  A  procedure  and  computer  pro¬ 
gram  have  been  developed  tor  calculation  of  the  prob¬ 
ability  ot  no-failure  operation  and  fatigue  life  of  the  ca¬ 
sings  of  blast  furnaces  (BF)  and  air  heaters  (AH), 
depending  on  the  stressed  state  level.  Reliability  esti- 
i  mation  was  performed  tor  the  most  heavily  loaded  sec- 
i  tions  ot  BF  and  AH  casings  by  a  design  calculation  pro¬ 
cedure. 

Calculation  is  based  on  the  condition  of  strength  of  steel 
building  structures  by  the  first  limiting  state  in  the  form 
ot  a  variational  inequality 

ZSyi-  <  k.2R2-  - 

Proceeding  from  a  theorem  of  Qaussean  distributions 
composition,  the  probability  ot  no-failure  operation  of 
the  casing  has  been  evaluated  through  the  normal  dis- 
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xa  ouenena  c  noMOLUbio  saxona  iiopMa/ibHoro  pacnpe-  | 
fle/ieHMft.  CpeflHSKBaflpaTi'mecKoe  oTKaonenne  coc-  I 
TaB/wioLUUx  4iaKTopoB  onpefle;ieHo  no  npaBii;iy  ipex  j 
cufM  B  npeAnonoxennM  pacnpe.qe;ieMMB  nx  no  nop-  i 
Ma;ibnoMy  saKOHy.  B  paonerax  ynTSHb;  BapnaqHB  qaa-  ! 
neHMB  Ha  KO>Kyx  or  4'>yTepOBK!i,  rasa,  liiHXTbi  h  ayryHa,  | 
a  TaK>KG  H3MeHeHMe  ToniqHHbi  Koxyxa  h  4'V'T6P0Bkh,  1 
TeMnepaiypu  BuyipoHiiero  cbob  4>yTepoBKM,  loiMMa-  ; 
THHecKOM  TeMneparypbi,  K034>4^nUKGHTa  jiMneRiioro  | 
paciuHpeHHH  H  pacMexHoro  conpoxMBaeHHH  cxa/iH.  j 
BepoRTHOCTb  oTKaaa  b  pa6oTe  Ko>Kyxa  HaxoqMJiH  H3  j 
Bbipaxenwa  l 


P  (M-  -  M'o  >  f)  = 


1 

2 


_ 'I'  -  H’o 

.y  (Ay;  -  Ay/gj’ 


rqe^  —  4>ynKUna  Jlanjiaca;  y<,  vj/q  —  cooTBeiCTBcuHO 
BHOlHHHe  H  BHyxpeHHH©  CHJlbl. 

OqeiiKa  HayaribiioM  6e30Txa3HocTM  Koxyxa  noJiyyeHa 
no  4>opMyqe 


Ecjih  b  Koxcyxe  paccHHTbiaaeTcn  M  ceyenHM  h  noxepB 
npoHHocTM  qto6oro  mb  hmx  Boqer  k  noxepe  pa6oToc- 
noco6nocTn  KOixyxa  b  ugaom,  to  BeponiHocTb  oxKaaa 
paeiia 

M 

I  - 1 

rqe  q,-  —  BepoaxHooxb  oixasa  /-to  ceyeima  icox-qoca. 
HaqexHocTb  Koxcyxa  npp  otom  cocxaBaBex 

=  I-Pk- 

flojiroBeMHOCTb  KO)Kyxa,  b  saBMOMMocTM  oiypoBMn  ero 
Hanpa>KeHHoro  cocToaHi-ia,  onpeqenoHa  Ha  cTaqiiw  aa- 
poxqenHB  H  pasBHTHH  xpeiqHHbi,  3a  ivtepy  nanpBxen- 
hoctm  KO>Kyxa  npHnaxo  oxHOLiieHHe  MaKCHMa/ibHoro  \ 
HanpjPKOHMH  K  pacyexHOMy  conpoxHBJteiiHio  cxanH  (k  =  ! 
=  C5^,ax/Ry)-  BepoBXHaa  onsHKa  h  pac'iexqojiroDoMHOc-  j 
XM  Bbino/iHSHbi  qan  qayx  Han6oaee  Harpy>KeHHbix  ce-  | 
yenHM  KO>Kyxa  fln  N26  HTMK  h  KOXcyxa  BH.  1 

AHaawa  peayabxaxoB  pacyexoB  noxasaa,  hxo  aHaneHHB  | 
BepoBXHocxM  oxKaaoB  KOXcyxoB  fln  h  BH  cocxaenBiox  ! 
cooxBexcxBeuHo  0,00675  h  0,015,  a  Haqe>KHocxb  hx  j 
KoxyxoB  99,3  M  98,5  %.  Dpn  ypoBHe  HanpqxceHHOcxH  j 
k  =  0,8  BepoBXHocxb  6e3oxKa3Hofi  pa6oxbi  Koxyxoefln  j 
M  BH  paDna  1 ,0,  a  npH  k  =  1 ,0  ona  cHH)KaexcH  qo  0,5.  j 
C  yyexoM  H3MeHyMB0cxn  pacyexHbix  napawexpoB  rpa- 
Hnu,bi  HSMeneHUB  KoahqeBbix  HanpRxeHtid  b  Kojxyxefld 
qocxMrarox  q/iB  ceyenHB  1  —  (186,2+72,3)  Mfla,  q/iB 
ceyeHHB  2  —  (195,2+27,2)  MDa;  b  Ko)Kvxe  BH  qnB  ce- 
yeHMB  1  —  (211,7+58,5)  Mda,  qaa  ceMeHHB  2  — 

(1 95,2+27,2)  MRa.  flan  ocsBbix  HanpaxenHil  noayyeHU 
aHaaorHBHbie  peaynbxaxbi. 

Pecypc  SKcnayaxaqMH  KOxyxa  flPl  ripn  k  =  0,7  cocxaB- 
anex  14,2  roqa,  a  npw  k  =  1,0— 3,2  roqa;  Kox\o(a  BH 
—  cooxBexcxBeHHO  7,2  w  1 ,6  roqa.  PaspaOoxaHHaB  mg- 
xoqMKa  nosBoanex  onxHMHSwpoBaxb  BeponxHocxb  6e- 
3oxKa3Ho0  paOoxbi  m  pecypc  axcnayaxauHH  KoxcyxoB 
/^n  H  BH  B  saBMCHMOCXH  OX  ypoBHB  HX  HanpBxenHoro 
cocxoBHMB  H  H3MeH4HBocxn  pac'iexHbix  napaMexpoB. 


tribu+ion  law.  The  mean-root-square  deviation  of  the 
component  factors  wa.s  determined  by  the  three  sigma 
rule  in  the  a.ssumption  of  their  distribution  by  a  normal 
law.  The  calculations  allowed  for  variation  of  the  pres¬ 
sure  of  the  lining,  gas,  charge  and  cast  iron  on  the 
casing,  as  v/ell  as  for  the  change  of  the  thickness  of  the 
casing  and  lining,  temperature  of  the  lining  inner  layer, 
climatic  temperature,  linear  expansion  factor,  and  cal¬ 
culated  resistance  of  steel. 

The  probability  of  casing  failure  in  operation  was  found 
from  the  following  expression: 


P  (((/  -  ip,,  >  0)  = 


i_l 
2  2 


<P 


r  -  M'o 

[5  (Ay/  -  Ai|/|3 


where  d’  is  the  Laplace  function; ;  v)/,  h'q  are  the  external 
and  internal  forces,  respectively. 

The  e.stimate  of  the  initial  no-failure  operation  of  the 
casing  was  derived  from  the  following  equation: 


If  M  sections  are  calculated  in  the  casing ,  and  the  loss  of 
strength  of  any  of  them  results  in  the  loss  of  serviceability 
of  the  casing  as  a  v/hole,  the  probability  of  failure  is: 

M 

--0(1-9/)- 

/-I 

where  g,  is  the  probability  of  failure  of  ith  cro.ss-section 
of  the  casing. 

The  casing  reliability  In  this  case  is  equal  to: 

//c-l-Qc- 

The  casing  fatigue  life  depending  on  the  level  of  its 
stressed  state  was  determined  at  the  stage  of  crack 
initiation  and  propagation.  The  ratio  of  maximal  stress 
to  the  calculated  resistance  of  steel  (k  =  was 

taken  as  the  measure  of  the  casing  stres.s  level,  The 
probabilistic  estimate  and  fatigue  life  calculation  were 
performed  for  the  two  most  heavily-loaded  sections  of 
N26  NTMK  BF  casing  and  AH  casing. 

Analysis  of  the  calculation  results  has  shown  that  the  values 
of  the  probability  of  failure  of  BF  and  AH  casings  are  0 .00675 
and  0,015,  and  Ihe  reliability  of  their  casings  is  99,3  and 
98.5  %,  respecliveh/,  With  the  stress  level  /( =  0.8,  the  prob¬ 
ability  of  no-failure  operation  of  BF  and  AH  casings  is  equal 
to  1 .0,  and  at  /c  =  1 .0,  it  is  lowered  to  0,5. 

Considering  the  variability  of  the  design  parameters,  the 
limits  of  variation  of  circumferential  stresses  in  BF  casing 
are  up  to  (186.2+72,3)  MPa  for  section  1,  and 
(195.2+27.2)  MPa  for  section  2;  in  AH  casing  for  section 
1  _  (211.7+58.5)  MPa,  and  for  section  2  — 

(195.2+27.2)  MPa,  respectively.  Similar  results  have 
been  derived  for  axial  stre.sses. 

The  service  life  of  BF  casing  at  k  =  0,7  is  14.2  years, 
and  at  k-  1.0-3. 2  years;  that  of  AH  casing  being  7.2 
and  1.6  years,  respectively.  The  developed  procedure 
enables  optimisation  of  the  probability  of  no-failure  ope¬ 
ration  and  service  life  of  BF  and  AH  casings,  depending 
on  the  level  of  their  stressed  state  and  variability  of  the 
calculated  parameters. 
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K0P03IMH0-MEXAHSMHA  MIUHICTb  3BAPHS/1X 
3’eflHAHb  BMC0K0A3OTHMX  CTAJIEM.  O.  I.  Ba- 

O.  O.  KpoxMajihHun  (0i3.-Mex.  i'h-t  Im.  T.  B. 
KapneHKa,  M.JlbB'm,  YKpaiHa);  I.  0.  Koctiok  (AAEK 
Saxlflenepro,  M./IbBln,  y.KpaiHa).  BucoKoaaoTui  ayc- 
TBHiTHi  ciajii  BiflpianfiioTbcn  yHiKaabHUMn  MiyuicHUMH  xa- 
paKTepucTMKaMH.  BvtcoKoro  pieiw  sMinHeHHa  ujasxoM 
xcaoflHoro  AR4'0PMVBai^Hfi  (floSOOO  MFIa)  sflasTbCfi  ao- 
CBrrn  3aBA5iKM  BMCoxoMy  BMioiy'  aaoxy  (ao  1  %).  OxpiM 
pboro,  HaApiBHoBa>Kne  /ieryBanna  aaoToM  ab®  mox- 

JlMBiCTb  OTpMMyBaTM  BWCOKOMiUHi  CTajli  3  HenexiAHUMi-i 
KOppoaillHO-MexaHiMHMMU  XapaKTepilCTHKaMM. 
BsaptoBaHHA  SMcoKoaaoTHnx  cTaAeii  npoxoAHTb  Bea 
ocoSaubmx  ycioiaAHeHb.  ripoie  xopoaifiHO-MexaHiHHl 
xapaKTepMCTHKH  jaxiix  asapHMx  a’eA.Haub  ena^ieHi  hs- 
AociaTUbo, 

flocaiA>KyBaaM  excnnyaTauiMHi  xapaKxepucTHKH  aoap- 
HMX  a'eAHaub  apaaxiB  npoMMO/ioBo'i  CTaai 
12X18Ari8LlJ.  3a  npucaAKOBufi  warepian  oSpaao  kom- 
noaiiAiio  a  bmictom  aaoxy  0,38  %  ra  bmcokum  bmIctom 
xpoMy,  LUO  noninujye  poaMHHHicTb  aaoxy  b  Merajii  iiiRa, 
niABMLuye  Moro  Kopoaiwuy  CTii-iKicTb,  a  raKox  asapra- 
BanbHiiM  aP'T  Cb-01X19H9,  peKOMGHAonaMi^R  fOCT 
2246-70  ARfi  asaptOBaHH^?  BMCOKoxpoMMOxnx  cxanevi. 
Opii-iKy  asapKMX  a’eAHaHb  BHKonano  BiAnosiAno  ao 
European  Standard  EN  288-3,  u^o  BKJHo'iae  wexanor- 
pac}3iMHMLi  anania,  BMnpo6yB3HHfl  Ha  poaxHr,  axMH, 
yAapwy  B'Baidcxbxa  HepyCiHiBHiii^  KOHxporib  (aiayanbUHH 
xaTJibxpaaByKOBMH),  floc/iiA>KyBann  apaaxM  nepepiaoM 
12X25  Mt/1  ia  cxmkobhm  asapHHM  a'eAMaHHSM  xa  X- 
noAi6nnM  po3po6aeHHaM  xpaie  (EOCT  5264-69).  LUei'! 

BMKOHaHO  aprOHO  AyrOBHM  3Bap!OB£HHFlM,  fl/lJl  OpiHKH 
KopoaiiiHoT  cxiiixocxi  sBapH'/x  a'eAnaHb  aHBii  no- 
xenAioAMnaMi‘iHi  no.nf!pn3auiiiHi  xpnei  waxepiany  lusa 
xa  ocHOBHoro  waxeplaay  b  22  %-x  poaMMHax  NaCI  xa 
CUCI2. 

COBEPU3EHCTBOBAHME  PACMETHfo!X  nPOUEAVP 
OI4EHKM  flO/irOBE^iHOCTM  CBAPHbIX  COEflUHE- 
HMM  KOHCTPYKEIMM  BYPOBbiX  n/iAT®OPM  HA 
OCHOBE  lyiOAEAfHPOBAHH?!  HPOUECCOB  UHK- 
JIMHECKOro  PASPyUJEHMa,  A.  B.  BapauoB,  fl.  B. 
RjibiXH,  B.  n.fleoHOB  (UHMM  KM  «npoMeTexi»,  r  CaHKT- 
RerepBypr,  P0).  npnMenBeMbie  b  Hacxoninee  epeMB 
MexoAMXH  pacMsxa  nHKnHHecKoCi  npoMHOcxH  ceapHUX 
COGAHHeHMU  M  y3/!OB  6ypOBblX  HJiaXCiJOpM  HMeK)T  He- 

Koxopbie  HeAocxaxoMHo  pa3pa6oxaHHb!e  noaoxenn>i,  b 
pBAs  cjiy-iaeB  oyu^ecxBeHHO  CHHxaroiAwe  xoHHOcxb 
paoHexHbix  opeHOK.  K  mx  MMcny  oxhocbxcfi  ueoripeAe- 
AeHHOcxb  npoueAypu  ycxaHOBAeuMB  cooxBexcxBMq 
CBapMoro  coeAHneHHB  pea/ibHoil  xoHcxpyKHHHXoti  nan 
MHoii  KareropMM  no  ypoBHio  LimcnutecKoCi  npoMHocxn 
B  cnyMae,  ecriM  ero  reowexpHB  n  bha  HarpyxeHnn  ox- 
jiMHHb!  ox  6a30Boro  oSpaapa,  HcnonbaoeaHHoro  npH 
nocxpoenHH  S-N  KpnBoil;  ManmuHnn  KOHcepBaxHaM 
opeHOK  AOfiroBeHHocTH,  oSycnoBneHHbiti  npeAnoAo- 
xeHMeM  o  npeAonbHO  BbicoKOM  yponne  cBapoMHbix  oc- 
xaxo'-iHbix  HanpnxeHHM  (OH)  Ati^  scex  cosAHHeHHti  h 
nrHopnpoBaHHeM  «ocTaxoMHoro  pecypca»,  cooxsexc- 
XByKDipero  cxhamm  pocxa  xpeipuRbi;  oxcyxcxBMe  wiexo- 
Ao/iorMM  ynexa  acfrcpeKxa  ox  npmvieHeHMq  AononHit- 
xe.nbHbix  xexHonorHHecKMX  MeponpHBiHfi,  noBbiaiaxs- 
ipHx  nMKJiHMecKyio  npoHHOcTb  (aproHo-A.yroBoe  onnas- 
xienne,  wexaHUMecKaB  o6pa6oTKa,  noBepxHocxHoe 
nnacxH'iecKoe  AG4>opMMpoBaHne). 

Doaxowiy  AanbHefiiuee  ooBepiijeHcxBOBaHne  pacHer- 


COBROSION-Pj^ECHANICAL  strength  of  WEL¬ 
DED  JOINTS  OF  HIGH-NITROGEN  STEELS.  OA.Ba- 
litsky,  O.O.Krokhmalny  (H.V. Karpenko  Phys.-Mech. 
Inst.,  Lviv,  Ukraine),  I.F.Kostyuk  (DAEK  Zakhidenergo, 
Lviv,  Ukraine).  High-nitrogen  austenitic  steels  are  char¬ 
acterised  by  unique  strength  properties,  A  high  level  of 
strengthening  by  cold  deformation  (up  to  3000  MPa)  is 
achieved  due  to  a  high  content  of  nitrogen  (up  to  1  %). 
In  addition,  superequilibrium  alloying  with  nitrogen  al¬ 
lows  production  of  high-strength  steels  with  the  required 
corrosion -mechanical  properties. 

Welding  of  high-nitrogen  steels  does  not  make  any  par¬ 
ticular  difficulties.  However,  the  corro.sion-mechanical 
properties  of  such  welded  joints  have  not  been  studied 
well  enough. 

Performance  of  welded  joints  of  samples  of  commercial 
12Kh18AG18Sh  steel  has  been  studied,  A  composition 
with  0.38  %  nitrogen  and  a  high  content  of  chromium 
Which  improves  nitrogen  solubility  in  the  weld  metal  and 
its  corrosion  resistance,  as  well  as  Sv-01Kh19N9  wel¬ 
ding  wire  recommended  by  GOST  2246-70  for  welding 
high-chromium  steels  were  selected  as  filler  material. 
W'elded  joints  were  evaluated  according  to  European 
Standard  EN  288-3  which  includes  metallographic  ana¬ 
lysis,  tensile,  bend  and  impact  testing  and  non-dest¬ 
ructive  testing  (visual  and  ultrasonic).  Samples  of 
12X25  mm  cross-section  with  a  butt  welded  joint  and 
X-shaped  edge  preparation  (GOST  5264-69)  were  stu¬ 
died,  The  welds  were  made  by  argon-arc  welding.  Po- 
tentiodynamic  polarisation  curves  of  the  weld  material 
and  the  base  metal  were  measured  in  22  %  NaCI  and 
i  CuClj  solutions  to  evaluate  the  corrosion  resistance  of 
'  welded  joints. 


I 


ItVJPROVEIVJENT  OF  CALCULATION  PROCEDURES 
FOR  EVALUATING  THE  LIFE  OF  WELDED  JOINTS  OF 
STRUCTURES  OF  DRILLING  PLATFORMS  USING  SI¬ 
MULATION  OF  PROCESSES  OF  CYCLIC  FRACTURE, 

A.V. Baranov,  A.V.liyin,  V. P. Leonov  (TsNII  KM,  St. Peter¬ 
sburg,  Russia).  The  currently  applied  procedures  of 
I  analysis  of  cyclic  strength  of  welded  joints  and  connec- 
i  tions  of  drilling  platforms  have  certain  underdeveloped 
I  postulates,  which  in  a  number  of  cases  essentially  lower 
j  the  accuracy  of  the  estimates.  Some  of  them  are  the 
ambiguity  of  the  procedure  of  determination  ofthecor- 
j  respondence  of  a  welded  joint  in  an  actual  structure  to 
I  a  particular  category  by  the  cyclic  strength  level  in  the 
I  case,  if  its  geometry  and  loading  mode  differ  from  the 
I  basic  sample  used  in  plotting  the  S  -N  curve;  overcon - 
i  servative  estimates  of  fatigue  life  arising  from  the  as- 
i  sumption  of  the  lim.it  high  level  of  the  residual  welding 
I  stresses  (RWS)  for  all  tlie  joints  and  neglecting  the  "re  - 
I  sidual  life”  corresponding  to  the  crack  propagation 
i  stage;  lack  of  a  methodology  of  allowing  for  the  effect 
I  of  application  of  additional  teqhnological  measures  im- 
i  proving  the  cyclic  strength  (argon-arc  surface  melting, 

I  mechanical  treatment,  surface  plastic  deformation)., 
i  Therefore,  further  improvement  of  calculation  methods 
i  used  in  the  procedures  is  urgent.  Not  only  an  increase 
of  the  scope  of  experimental  data,  but  also  theoretical 
substantiation  of  the  required  corrections,  as  well  as 
introduction  of  correction  factors  appear  to  be  quite 
important,  this  being  due  to  the  complexity  of  transition 
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Hbix  cxGM,  Mcnoribayeivibix  b  weTOflUKax,  «BB5ieTCfi  ax- 
Tya;ibHbiM,  npeflCTaB;iBeTca  Becbiwa  ea/XHbiM  HetoubKO 
yBe/iMHeuMe  o6'beMa  sKcnepuMeHTaiibHbix  flanHbix,  ho 
M  TeopeTMMecKoe  o6ocHOBaHne  HeoSxoflUMbix  Koppex- 
TupoBOK,  a  Taioxe  BBeneni/ie  nonpaeoMHbix  KoattictjMUH- 
eHTOB,  nocKOBbKyoTO  BbiasaHo  caoxcHocTbKD  nepexofla 
OT  peay/ibTaTOB  McnbiTaHnii  o6pa3ua  k  nporH03npoBa- 
Huio  pecypca  c})parMeHTa  pea/ibHoR  KOHcrpyKHMH. 
I4eab  pa6oTbi  aaioiioHaeTCB  b  peiueHHH  xpyra  Bonpo- 
COB,  CBBaaHMbix  c  TaKHM  nspexoflOM,  Ha  6a3e  (fjHSM- 
HecKMX  MOflGJieM  LiMK/iMHecKoro  paapyiiieHHP  m  peay/ib- 
TaTOB  MCC/ieflOBaHMB  HanpB>KeHHO-i0.e4)OpMMpOBaH- 
Horo  COCTOBHMB  CBBpHblX  COGflHHeHMCi, 

Peay/ibTaTbi  wcc/ieAOBaHMM  MeroflOM  KOHeMHbixsBewieH- 
TOB  (MK3)  HanpaxcoHHoro  coctobhmb  ceapHbsx  coeflH- 
HOHHM  M  KO3({)Cf>MHMeHT0B  KOHUeHTpaUWH  HanpBXeHHH 
no3B0BHBM  npeflBoxHTb  MBTOfl  onpefleaeHMB  napaw^T- 
pa  MaxporeoMerpMH  cBapHoro  coeAHHeHna  A  [mm  ], 
xapaKiepMsyioLAero  yposeHb  AoxaAbHbix  Aecl)opMaunii 
abb  Jiio6oro  coeAHHSHPR  npn  a^hhom  TexHo/iorn4ecKOM 
npouecce  cBapKM.  BseASHne  aioro  napavieTpa  nosBo- 
m&r  M36e>KaTb  HeAOCTajKOB  npoueAypu  onpeAeaeHMB 
«Hot  Spot  Stress»,  nocxojibKy  hs  jpeSyer  ncKyccTBSH- 
Horo  noApaaASJiGHMq  acficpQKTOB  KonneHTpauMM  wa  «cBq- 
aaHHwe  c  KOHcrpyKitHeM  y3Jia»  h  «CBq3aHHbie  c  najiHMueM 
ceapHoro  LUBa».  AnaAMS  pesyabTaTOB  peiPeHHB  TspMO- 
AettJopMauMOHHbtx  aaAan  MK3,  MOAeAnpyioiAMX  boshmk- 
HOBeHne  OH  npH  Ha/io>KeHMM  ceapHoro  luea,  a^ot  ocho- 
BaHMB  abb  noApasAeBeHMB  cBapHbix  coeAHHOHUM  naryp- 
HbIX  KOHOTpyKUMM  Ha  TpM  Tpyonbl  —  C  HH3KMM  ypOBHSM 

OH,  c  ypoBHeM  OH,  6jim3KMM  k  npeACBy  TeKyMecTM,  a 
Taioxe  coeAnneHMM,  npH  cBapxe  KOTopux  BOSHHxaioT 
Aa/ibHOAeiicTByK3LAne  oobb  peaxTHBHbix  oeapoMHbix  nan- 
pBXGHMpi. 

PaapadoxaHa  pacnexHaB  MOAeab  unKBHHecKoro  noB- 
pexcAOHUB,  yHMXbiBaiotAaB  oco6eHHocxn  ero  pasBHXHB 
Ha  HaHaBbHOM  cxaAMM  B  3OH0  ocxphix  KOHueHxpaxopoB. 
Ee  pGaaMsauHB  b  bhao  KOMnbKDxepnoCi  nporpaMMbi 
no3BOBBex  noayHaxb  pacnexHbte  xpHSbie  AonycxaeMbix 
AMKBMHecKnx  HanpBXceHMM  no  Bbi6paHHOMy  npeAs/ib- 
HOMy  cocxoBHMio  coBAHHOHHB.  BxoAHbiMH  papaMexpa- 
MM  npM  pacHOxe  BRBBioxcB  BeaHSHHa  A,  xapaKxepHC- 
XMKM  pacnpeAoneHMB  paAHyca  KOHpeHxpaxopa  K3K  cBy- 
nailHOM  BeBMBHHbl  abb  KOHKpeXHOfi  XeXHOJIorHH  H  cno- 
co6a  ceapKM,  ox<HAaeMBiM  ypoBSHb  OH.  OchobhoCi  pe- 
ayjlbxax  HUCBGMHOrOMOASJlMpOBaHMB  — ycXaHOBAGHHG 
COOXBGXCXBHB  MGJKAy  napaMGXpOM  MaxporGOMeXpHM  M 
SCptjjGKXMBHblM  KOSfjjtpHAMGHXOM  KOHLtGHXpaUMM  Han- 
pBXCGHMM  CBapHOrO  y3Ba  HBM  COeAHHGHMB  ABB  AaHHOXO 
xexHOBorMHGCKoro  nponeoca  csapKH.  Ha  Saae  3xnx  pe- 
ayjibxaxoB  moxcgx  6bixb  c4)opMyBMpoBaHa  npoiieAypa 
onpeAsAGHHB  KaxeropMM  paccMaxpuBaeMoro  cBapno- 
ro  cogamhghmb  no  amkjim'igckom  npoMHocxn,  yHMXbma- 
loiAaB  xnn  coeAMHennB,  pasMcpbi  h  KOHcpwrypauHKj 
CBapPBaeMbix  sbgmghxob,  HaBumie  AonoBHMxeBbHbix 

XGXHOBOrMHGCKHX  o6pa6oXOK  LUBa. 

ynPAB/IEHME  OOPMMPOBAHMEM  OCTATOSHbIX 
HAnPB>KEHMM  nPM  BJlEKTPOflyrOBOfl  HAIT/IAB- 

KE.  8.  A.  BoH/xapeHKo,  P.  E.  0i4/iaTOB  (Toe.  yn-r,  r. 
OpenEypr,  P0).  Pba  ASTaAefi  MaojnnocxpoGMUB  mmggx 
MaabiH  AonycK  Ha  iiarMCocH.  Hpn  hgoCxoahmocxm  boc- 

CXaHOBAGUMB  CHOCoSoM  SBGKXpOAyrOBoCi  HanBaBKW 
HGKOTOpbIX  nOBGpXHOCXeti  AHAHHAPHHGCKHX  AeTaBGH 
M3-3a  nx  rBy6oKoro  n  HepaBHOMepnoro  n3Hoca  bobhu- 


from  the  sample  testing  results  to  forecasting  the  life 
of  a  fragment  of  the  actual  structure.  The  goal  is  resol¬ 
ving  a  number  of  issues  connected  v/ith  such  a  transition 
based  on  physical  models  of  cyclic  fracture  and  results 
of  investigation  of  the  stress-strain  state  of  the  welded 
joints. 

The  results  of  FEM  analysis  of  welded  joint  stressed  state 
and  of  the  stress  intensity  factors  allowed  suggesting  a 
method  for  determination  of  the  welded  joint  macrogeo¬ 
metry  parameter  A,  {mm*^  )  which  characterises  the  level 
of  local  deformations  for  any  joint  with  the  given  welding 
technology.  The  introduction  of  this  parameter  permits 
avoiding  the  disadvantages  of  the  procedure  of  Hot  Spot 
Stress  determination,  as  it  does  not  require  an  artificial 
division  of  the  concentration  effects  into  those  “related 
to  the  connection  design"  and  those  “related  to  the  pre¬ 
sence  of  the  weld".  Analysis  of  the  results  of  solving  by 
FEM  the  thermodeformational  problems  which  simulate 
RWS  development  during  the  weld  deposition,  gives  gro¬ 
unds  to  subdivide  the  welded  joints  of  full-scale  structures 
into  three  groups,  namely  those  Vi/ith  a  low  level  of  RWS; 
with  RWS  level  close  to  the  yield  point,  as  well  as  the  joints 
welding  of  which  leads  to  development  of  far-range  fields 
I  of  reactive  welding  stresses. 

!  A  calculation  model  of  cyclic  damage  has  been  const- 
i  ructed  allowing  for  the  features  of  its  development  at 
the  initial  stage  in  the  sharp  stress  raiser  zone.  Its  im¬ 
plementation  in  the  form  of  a  computer  program  permits 
derivation  of  calculated  curves  of  admissible  cyclic 
stresses  from  the  selected  limit  state  of  the  joints.  The 
input  parameters  in  calculation  are  A  value,  charac¬ 
teristics  of  distribution  of  concentrator  radius  as  a  ran¬ 
dom  value  for  a  specific  technology  and  process  of  wel¬ 
ding  and  the  anticipated  RWS  level.  The  main  result  of 
numerical  simulation  is  to  establish  a  correlation  be¬ 
tween  the  macrogeometry  parameter  and  effective 
stress  intensity  factor  of  the  welded  connection  or  joint 
for  a  particular  welding  technology.  These  results  can 
be  used  to  work  out  the  procedure  of  determination  of 
i  the  category  of  the  considered  v/elded  joint  by  cyclic 
strength,  allowing  for  the  joint  type,  dimensions  and 
configuration  of  the  elements  being  v/elded  and  additi¬ 
onal  treatments  of  the  weld. 


CONTROL  OF  FORMATION  OF  RESIDUAL  STRESSES 
IN  ELECTRIC  ARC  SURFACING.  V.A.Bondarenko, 
G.E.FHatov  (State  Univ.,  Orenburg,  Russia).  A  number  of 
mechanical  engineering  parts  have  a  small  tolerance  for 
axle  bending.  When  it  becomes  necessary  to  restore  by 
the  electric  arc  surfacing  process  some  surfaces  of  the 
cylindrical  parts  because  of  their  deep  and  non-uniform 
wear,  it  is  difficult  to  reduce  residual  deformations. 
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CBAPHblE  KOHCTPyKUMU _ ; _ 

KaioT  TpyflHOCTW  c  yMSHbiueHneM  ocTaxoHHbix  fletjjnp- 
MaUMM, 

HaMM  paspaSoTaHa  lexHO/iornsi  ynpaeneHUfi  cjsopMU- 
posaHMeM  ocTaTOMHbix  HanpaxGHuJi  np!4  BoccraHOB- 
/leHiiM  ui/iBMHflpM’jecKMX  fleTa.nGW  cnocoooM  ajieicrpo- 
flyroBoJi  HanjiasKM.  HcnwraHHB  npoBOfliiBU  na  Moflep- 
HM3npoBaHHOM  Han/iaBOMHoCi  ycTanoBKG  y-653.  Han- 
jiaBJineMyio  aeianb  norpyxa/in  b  Bn6poKMnatiJii/iM  cnoii 
(y/ibTpaasyKoaaB  ycTanoBKa  y3r-4M,  OTxnoHeHwe 
/iMHMH  BosMyataioaiGM  cmibi  ox  BepxtiKanbHoro  nojio- 
xeHMB  B  CTopoHy  AocTurano  +15')  f\o  ypoBHB  0,3  pa- 
fluyca  HanjiaBJineMOM  noBGpxHocxn.  CooxaB  bm6pokm- 
nauiero  cjiop  c/ieflyioujimi;  cwecb  nopoiuxoB  nr-C27 
{nH-yi40X28M)  —  10  Mac.  flo/ie'x,  %  n  nr-CP4  {HH- 
XH80C4P4)  —  18  Mac.  AoaePt,  %.  Maxepnan  flexanw 

—  craab  15XrH2TA,  ee  AMaMexp  noA  HanaaBKV'  — 
80  MM,  Ant-iHa  HanAaBJiaeMbixyBacxKOB  ”■  86  mm,  sabk- 
xpoAHaa  npoBOAOKB.  Mapxn  Hn70  AnaMexpoM  1,4  mm. 

B  xaBecxee  sainMXHofi  opeAbi  ncnoxibaoBaAM  aKXUBHyx) 
naporaaocfjAiooyioLAyio  cMecb  (boabhom  nap  npn 
400  *C  +  XAopuA  aMMOHAB).  Cnna  xoxa  cocxaBAsaa 
150  A,  HanpnxeHMe  —  28  B,  nacxoxa  BpauieuMfi  Aexaan 

—  6  MMn'y  flexanb  norpyxanM  b  BuSpoKiinFUAMP  CAcPi 
xaKMM  o6pa30M,  Hxo6bi  nopooiox  npnoOpexan  cnoco6- 
Hocxb  nepeMeiJiaxbCB  no  nanAasnaeMofi  nonepxHocxM 
npoxMB  HanpaBjieHMB  BpaiueHnn.  B  peayAbxaxe  6biAo 
AocxHTHyxo  yayMmeHne  xaBecxsa  nan.naBAf!eMoro  mg-  I 
xaAAa.  KoAoOaHMB  xsepAocxn  HannaEnenHoro  cnon  aa 
caex  noBbiLuei  JMB  pasHOMepHocxn  oxnaxyi.eHHB  CHiian- 
AMCb  AO  4,4  %  npn  xsepAocxn  55...  60  HRC,  mrvi6  ocn 
cooxaBMA  0,01 1... 0,012  MM  Ha  a^imhg  555  mm. 

OnTMMiaAqiJI  3A  hahpvokehhiimm  peikmmib 
3BAPK7BAHH?!  E/IEMEHTJB  CKJ1HKMX  KOHC- 
TPVKI^IM.  R.  Pi.  SypaK,  O.  P.  Ta'^KeBm,  C.  0.  Eyfls, 

B.  I.  ActmukIh,  e.  M.  Ipsa  (Ih-t  npi^K/iafl.  npo6n.  Me- 
xaHiKH  i  MaTP-ManiKii  iM.  R.  C.  Riflcrp^iraHa,  m.  JlbBiB, 
Wpahsa).  V  npou,eci  saapioBaHHa  eneMeuxiB  ckabhux 
KOHCxpyKniW  y  aoni  asapHoro  luea  BMiniKaioxb  nanpy- 
xceHHB,  BKi  Mo>KyTb  AOCHm-i  SHaHHoro  piQHB,  nepeEM- 
mnxM  npnnycxuMi  hopmm  i  npnaBecxn,  3  oahoxo  6oKy, 
AO  pyPinyBaiiHB  KOHcxpyKuii,  a  3  APyroro,  —  ao  c{)op- 
MysaHHA  3aAHiiJKOEMX  Hanpyxenfa,  mo  cyxxeBo  BnAnsae 
Ha  MiUHicXb  KOHCTpyKUil.  y  3B’B3!<y  3  AHM  npoSAGMa 
onx^Miaapi?  3a  nanpyxeHHBMM  pexHMis  seapKDBaHHB 
eAGMGHXiB  CKAHHUX  KOHCXpyKHiM  e  aKXyaAbHOK). 
DponoHyexbcq  MaxeMaxHHHa  MOAenb  onxHMisanil  aa 
HanpyxeHHBMM  pexMMis  aeapioBaHHo  GAGMenxiB  ck/ib  ■ 
HHX  KOHcxpyKHiil,  noSyAOBana  Ha  ocnoBi  Mexanixo-Ma- 
xeMaxHHHo'i  MOAeni  xepMOB’BSKonpyxcHboro  Tina  3  ypa- 
xyBaHHBM  aaAMUjKOBMX  Aect>opMaLiiili  i  KanpyxeHb,  BKi 
ct>opMy(oxbCFi  B  npoueci  asapioBaHHB. 

MaxeMaxHHHy  moasab  noBGAinKi-i  ckaa  no6yAOBaHo  bm- 
xoAflMM  3  npMHUMny  aA'^^xuBHocxi.  ariAHo  3  bkhm  npHpicx 
KOMnoHBHxiB  xeH3opa  noBHol  AEftiopMauil  Mac  laxHii 
BHXAflA^ 

,  i  C  ,  t  ,  C  ,  OS  t  ,  sfr 

j£..  =  as  -  -f  f/e..  +  ae..  4-  as.  +  as  .  , 

V  V  y  K  y  <; 

Ae  dG^;  dt;-.;  dt!';  deT‘‘,  def'^  —  siAnoeiAHo  npnpocTH 
leHSopa  npyxHo'i  Aect>opMauii  b  AianaaoHi  yewnepaxyp, 
HUXMHX  aaxGMnepaxypy  CKAyeaHHB;  xenaopaxepMiHHoi 
AoctDopMaqii;  xensopa  Ae't’opMaAii  noBsyHocxi  b  Aiana- 
30Hi  XGMnepaxyp,  BHtunx  aa  xeMnepaxypy  cKAyaaHHB; 
xeHsopa  saAntiiKOBoi  AecfiopMauii,  Bxa  yxBopioexbCB 


We  have  developed  a  technology  to  control  the  forma¬ 
tion  of  residua!  stresses  in  restoration  of  cylindrical  parts 
by  the  electric  arc  surfacing  process.  Testing  was  con¬ 
ducted  in  an  upgraded  U-653  surfacing  unit.  The  sur¬ 
faced  part  was  immersed  into  a  vibroboiling  layer  (UZG- 
4M  ultrasonic  unit,  lateral  deviation  of  the  disturbing 
force  line  from  the  vertical  position  was  up  to  +15')  to 
the  level  of  0  3  of  the  processed  surface  radius.  The 
composition  of  the  vibroboiling  layer  was  a  mixture  of 
10  wt.%  of  PG-S27  (PN-U140Kh28IVl)  and  18  wt.%  of 
PG-CR4  (PN-KhN80S4R4)  powders.  The  part  material 
was  15KhGN2TA  steel,  its  surfaced  diameter  being 
80  mm,  the  length  of  the  surfaced  sections  being  86 
mm,  and  1.4  mm  electrode  wire  of  Np70  grade  was 
used,  An  active  vapour-gas-fluxing  mixture  (vvater 
steam  at  400  'C  +  ammonium  chloride)  was  used  as 
shielding  atmosphere.  Current  was  150  A  ^t  28  V  voltage 
and  the  part  rotation  frequency  was  6  min"  .  The  part  was 
immersed  into  the  vibroboiling  layer  so  that  the  powder 
became  capable  of  displacement  over  the  surface  being 
processed  against  the  direction  of  rotation.  This  resulted 
in  an  improvement  of  the  deposited  mefa!  quality.  An 
increased  uniformity  of  cooling  led  to  reduction  of  the 
deposited  layer  hardness  variation  to  4.4  %  at  55--60  HRC 
hardness,  and  axle  bending  was  equal  to  0.011-0.012 
mm  over  555  mm  length. 


OPTIMISING  THE  CONDITIONS  OF  WELDING  THE 
GLASS  STRUCTURE  ELENIENTS  IN  TERMS  OF 
STRESSES.  Ya.i. Burak,  O.R.Gachkevich,  S.F.Budz, 
V.l. Astashkin,  E.M.irza  (Ya.S.  Pidstryhach  Institute  for 
Applied  Problems  of  Mechanics  and  Mathematics,  Lviv, 
Ukraine).  During  welding  of  the  glass  structure  ele¬ 
ments,  the  vyeld  zone  develops  stresses  which  can  reach 
a  considerable  level,  exceed  the  admissible  limits  and 
lead  to  structure  failure  on  the  one  hand,  and  to  residual 
j  stresses  formation,  on  the  other  hand,  which  has  an 
essential  influence  on  the.structure strength.  In  this  con¬ 
nection,  the  issue  of  optimisation  of  the  conditions  of 
welding  the  glass  structure  elements  in  terms  of  stres¬ 
ses,  is  urgent. 

A  mathematical  mode!  of  optimisation  of  the  conditions 
of  welding  the  glass  structure  elements  in  terms  of  stres¬ 
ses  is  proposed.  The  model  v.'as  based  on  a  mechani¬ 
cal-mathematical  model  of  a  thermoplastic-elastic 
body,  allov/ing  for  residual  stresses  and  strains  develo¬ 
ping  during  v/eiding. 

The  mathemaficai  model  of  glass  behaviour  was  con- 
i  structed  proceeding  from  the  additivity  principle,  in  ke¬ 
eping  with  which  the  increment  of  total  deformation  ten¬ 
sor  components  has  the  following  form; 

de..  =  dc..  +  c/g^.  dz.'.  +  de’f  + 

V  >j  ‘J  V  V  'I 

where  ds®;  ds*;  dG^^  ds?^' are  the  increments  of 

the  elastic  deformation  tensor  in  the  range  of  tempe¬ 
ratures  lov/er  than  the  vitrification  temperature;  of  ther¬ 
mal  deformation  tensor;  of  the  tensor  of  creep  flow  in 
the  range  of  temperatures  higher  than  thevitrification 
temperature:  of  the  tensor  of  residual  deformation  de- 
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npM  flocsirneHni  TCMneparypH  CK/iyeaHHq  npn  oxo/iofl- 
xeHiii  (rinoTesa  «3aMopo>KyBanH«>>  r.  M.  BapreneDa); 
Tenaopa  CTpyKTypHoi  fle4)opMai4ii'. 
ripn  MOfle/iioBaHHi  epaxosyeMo  aa/iexHioib  ren- 
jioct)i3M'!HHx  xapaicrepMCTUK  cicna  sifl  TeMneparypH  i 
nputiMaeMo  eKcnepuMeHTa/ibHO  flOBeAsuMM  cfiatcT  npo 
BiflcyTHicTb  noMixitoro  sn/iMBy  HanpyxeHb  Haxeivinepa- 
xypy  cKJia. 

Saflana  onxMMiaaLiiT  aa  HanpyxeHHBMM  pexuMio  sBa- 
piOBaHHa  ejieMeHxiB  ck/ibhhx  KOHCxpyKuiii  cK/taflaexbCB 
3  ABox  exanis:  asaptoBauHn  xa  oxoaoaxcghhb  anapHoro 
Lusa. 

ct>yHKUiGio  ynpaBJiiHHB  na  exani  aBapioBauMB,  Koan  xeM- 
nspaxypa  naBKoaouioBKo'iaoMM  niABMU-tyexbCB  3  noMax- 
KODo'i  AO  xeMriepaxypn  3BapK)BanHB,  OMCxy'nae  rycxuna 
xen/ioBoro  noxoxy,  bkmm  niABOAUXbcB  ao  nouepxHi  Has- 
KOAOuiOBHof  30HH,  3  Ha  exani  oxoAOAxeHHH  ssap'rioro 
LUBa  — xeMnepaxypa  HaBKOAMUJUboro  cepeAOBniua.  3a 
KpMxepiii  onxHMajibHocxi  na  exani  seapioBaHHB  o6n- 
paeMo  MiHiMaAbunfi  Mac  HarpmaHHB  ao  xeMnepaxypH 
3BapfOBaHHH,  a  na  exani  oxojioAxceHHB  —  MiHiMyivi  tt)yH- 
KAioHaJiy,  qKMM  xapaKxepiiaye  BiAXMAewnfl  xen3opa  aa- 
AMUJKOBHX  Hanpyxenb  bIa  saAaHoro  piBh-n.  ripn  pboMy 
Maraxb  BMKOHyBaxHCB  neoHi  o8MexGHHq  Ha  4xyHKHiiyn- 
paBAiHHH  xa  xepMOHanpyxeH'/iH  cxaH  nanKOAoiiioBHoi 
30HM. 

B  xaxiH  nocxanoBui  aanana  oaxnbiisauii  aa  nanpyxen- 
HBMH  pexMMiB  aBapioBai-iHB  eaeMeuxiB  cioiqHHX  kohc- 
xpyKnlH  e  3aAaMGio  na  yMOBHX.n  excxpeMyM  AOBKoro 
(pyHKpioHaAy, 

Po3B’B3yexbcq  mb  saAaMa  amqxoM  BHKopncxaHHB  we- 
xoAy  sBaxeHHX  HeB’qaoK  y  noGAnaHHi  3  KiHueBo-eae- 
MeHXHOX)  AHCKpexHsaAieK)  b  aaci  xa  npocxoposHX 
3MiHHHx.  y  paMxax  sanponoHOBaHoro  niAxoAy  oxpn- 
MycMo  aapany  Ha  ywoBHHM  eKCxpeMyM  (tjyHKLy'i,  bkhm 
BMSHaMaexbCB  MexoAaMM  HeAiHiiiHoro  nporpawiyBanuB. 
flaHy  MaxeMaxHMHy  MOAeab  i  MexoAi^xy  onxHwiaauii 
xenaoBMX  pexuMiB  sBapKDBaHHB  npoimocxposaHo  na 
npMKAaAax  3BapioBaHH9  uhaIhaphmhux  o6oaohok  i 
CKAHHMX  HaniBCcfiep. 

TEOPETMHHI  OCHOBM  OnTMMISAUll!  SAJIMUiKO- 
BMX  HAnPyXEHb  B  TEXHO/iOnl  3BAPIOBAHH5I 
TOHKOCTIHHMX  EJIEMEHTIB  KOHCTPyKMIM. 

H.  BypaK,  to.  Soaynm,  tO.  fleamJOB,  B-Hoeapbrnii  (Ih-t 
npnKJiap,.  npoBneM  MoxaHiKyi  i  MaTeMSTHKi^  im.P.C. 
nifl,cTpi/ira<^a,  M./IbniB,  yKpama),  B.  Camemo  (Ih-t 
eneKTpo3BapicBamm  Im.S.  O.  naroHa,  m.Khib,  Vk- 
pa'ina).  flan  suroxoBaeHHn  SBapnnx  xoHCxpyKUiM  ia 
nlABHiuennMH  BUMorawn  aioAo  3a6e3neMeHHR  npoex- 
xhoT  cJjopMM  i  aaAaHMx  napabiexpiB  MipHocxi  xa 
HaAiHHocxi  oco6ahbo  BaxAHBOio  e  MoxriMBicxb  yn- 
paBAiHHfl  sariHLUKOBHMH  HanpyxeHHHMM  xa  Ao4>op- 
MaujBMM.  TaKeynpaBAinHB  Mae  nepeASanaxH  KownAeKC 
xexHOAoriMHMX  npHHOMiB  i  wexoAiB  Ha  exanax  niAroxoB- 
KM  AO  SBaproBaHHB,  6e3nocepeAHboro  SBaptosaHHq  xa 
nicAfl3BapioBaAbHoi'  o6po6KH.  SanponoHosaHO  HayKOBi 
OCHOBM  KOMnnexcyy3roAxeHMXMixco6okD3axoAiB,  Bxi 
AOSBOABioxb  3a6e3neMMXM  3aAani  npiinycxMMt  pisHi  aa- 
AMUJKOBMX  HanpyxoHb  a6o  ix  MaxcMMaabHe  SHHxaHHa. 
PoamBAEHoxbCB  Hafi6iAbUJ  Aiesi  msxoam  pepir'AioBaHHq 
aaAMiiiKoBMx  iianpyxeHb;  nonepeAHC  cMAose  xa  xeM- 
nepaxypiie  HaBauxaxGHHB  {ao  sBapioeaHHB):  cynyxHifi 
niAirplB  xa  pauioHanbHi  cxgmh  BMxonaHHB  sBapnoro 
LUBa  (ft  npoueoi  sBaptoBannB);  AOKanbHWM  BiAnaa  (nicaq 

SBaptOBaHHB). 


veloping  when  the  vitrification  temperature  is  reached 
in  cooling  (G.M, Bartenev’s  “freezing”  hypothesis);  and 
of  structural  deformation  tensor,  respectively. 
Simulation  allov/s  for  temperature  dependence  of  ther¬ 
mal-physical  characteristics  of  glass  and  takes  into  ac¬ 
count  the  experimentally  proven  fact  of  the  absence  of 
any  noticeable  influence  of  stresses  on  the  temperature 
of  glass. 

The  problem  of  optimisation  in  terms  of  stresses  of  the 
conditions  of  welding  the  glass  structure  elements  con¬ 
sists  of  two  stages,  namely  making  the  weld  and  its 
cooling. 

The  control  function  at  the  welding  stage  when  the  HAZ 
temperature  rises  from  the  initial  to  the  welding  tempe¬ 
rature,  is  the  density  of  the  heat  flow  which  comes  to 
the  HAZ  surface,  and  the  environmental  temperature  at 
the  weld  cooling  stage.  The  optimality  criterion  at  the 
welding  stage  is  the  minimal  time  of  heating  to  welding 
temperature,  and  at  the  cooling  stage  the  minimum  of 
the  functional  which  characterises  the  residual  stress 
tensor  deviation  from  the  specified  level.  In  this  case, 
certain  limitations  of  the  control  function  and  the  HAZ 
thermal  stressed  state  should  be  in  place. 

In  such  a  definition,  the  problem  of  optimisation  the 
conditions  of  welding  the  glass  structure  elements  in 
terms  of  stresses,  is  the  problem  of  a  conditional  ex¬ 
tremum  of  a  certain  functional. 

This  problem  is  solved  using  the  method  of  weighed 
discrepancies  in  combination  with  finite-element  sam¬ 
pling  in  time  and  spatial  variables.  In  terms  of  the  pro¬ 
posed  approach  we  have  a  problem  of  a  conditional 
extremum  of  a  function  which  is  determined  by  non-li¬ 
near  programming  methods. 

The  given  mathematical  mode!  and  procedure  of  opti¬ 
misation  of  the  thermal  conditions  of  welding  are  illus¬ 
trated  by  examples  of  v/elding  cylindrical  shells  and 
glass  hemispheres. 


FUNDAMENTALS  OF  OPTIMISING  RESIDUAL 
STRESSES  IN  THE  TECHNOLOGY  OF  WELDING 
THIN-V/ALLED  ELEMENTS  OF  STRUCTURES. 

Ya.  Burak,  Yu.Zozulyak,  Yu.Ledyashov,  V.Novatsky 
(Ya.S.Pidstryhach  Institute  for  Applied  Problems  of 
Mechanics  and  Mathematics,  Lviv,  Ukraine),  V.Sanc- 
henko  (The  E.O.Paton  Electric  Welding  Institute,  Kiev, 
Ukraine).  The  ability  to  control  the  residual  stresses  and 
strains  is  especially  important  in  fabrication  of  welded 
structures  of  which  more  stringent  requirements  are 
made  for  provision  of  the  design  shape  and  specified 
strength  and  reliability  parameters.  Such  control  should 
envisage  a  package  of  process  techniques  and  methods 
in  the  stages  of  preparation  for  welding,  welding  proper 
and  post-weld  heat  treatment.  Scientific  fundamentals 
of  a  package  of  coordinated  measures  have  been  pro¬ 
posed,  which  permit  ensuring  the  specified  admissible 
levels  of  residual  stresses  or  their  maximal  lowering. 
The  most  efficient  methods  of  residual  stress  control 
are  considered,  namely  prior  force  and  temperature 
loading  (before  welding);  concurrent  heating  and  rati¬ 
onal  sequences  of  making  the  weld  (during  welding) 
and  local  annealing  (after  v^relding). 

The  mathematical  model  of  integrated  optimisation  of 
residual  stresses  is  based  on  a  common  energy  appro- 
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B  ocHOBy  MareMaTUMHO!  MOAejii  Kown/ieKCHoi  on- 
TMMiaaui'i  aaautujKOBHx  Hanpy)KeHb  noxnafleHo  eflUHnii 
eHepreTMHHHii  niflxifl.  3a  BMxiflHi  xpuTepii  oiiTMManb- 
HocTi  npMMHBTo  ijjyHKAioHa/iM  eHeprir  npyxHo'i  flecjjop- 
MaAii  Ta  cepeAHbOKeaApaTimHoro  BiflxuneHHH  aaanm- 
KOBMX  HanpyxceHb,  mo  BHHuxaioTfa  b  npoueci  SBapioBaH- 
HB,  Bifl  aaflaHMX  npunycTUMHX  HanpyxeHb.  TaxuM  hi-i- 
HOM,  aaraabHa  aapiaBa  (popMyaraeTbCB  bk  aaflana  bsx- 
TopHoi  onTHMiaauii  Ha  koxchomv  a  eraniB  asapioBaab- 
Horo  npouecy.  npw  ubowy  BpaxoByerbCB  bk  icropiB  no- 
ejanHoro  cJsopMyBaiiHH  aaaMiiiKOBMX  ae4>opMauiH,  u^o 
noB’aaaHa  a  Bn6opoM  cxom  asapioBaHHa,  rax  i  poanoAia 
aoBHiujHMX  TepMocMBOBHx  cjjaKTopiB.  Peaai3au,iB  poa- 
paxyHKOBoi  MOAeAi  rpyHTyeTfaCB  Ha  BHKopMCxanHi 
niAXOAiB  i  weTOAie  6araTOKpMTepiaabHoi  onTHMiaapii  i 
AHHaMiHHoro  nporpaMyBaHHB  ia  aacTocyeanHHM  npHH- 
HHny  onTHMaabHOCTi  EejiMana.  V  BMnaAxy  npoTMpiHHB 
o6paHHX  KpHiepilB  onTMMaabHocTi  noujyx  komp- 
poMicHo-onTHwa/ibHHX  BapiaHiiB  peaBiayeTbCB  aa 
niAxoAOM  riapeTo.  B  po6oTi  poamsHyTo  ocHOBHi  thph 
aBapHHX  3'eAHaHb  (cTHKosi,  HaxaaAHi,  xyroBi)  bk  abb 
epeivieHTiB  xoMcrpyKAlfi  nnacxi-iHHaTo-oQoaoHKOBoro 
xwny,  xax  i  cxepxHbOBMx  KOHcxpyxulii.  BKaaaHO  ujjibxh 
yaara/ibHeHHB  aanponoHOBanoro  niAXOAy  Axih  6araxon- 
poxiAHnx  asapHHx  msiB. 

SanponoHOBaHa  MoxoAHxa  e  6a30Bora  npvi  po3po6ni 
eesAstpopwauiMHoT  xexHoaorif  3Bapt0BaHHB  xoh- 
KocxiHHMX  ejieMBHxiB  KOHCxpyxAiM  niABiimeHOi  sKocxi. 

OI4EHKA  flO/irOBESHOCTM  TPVBMATblX  VS/lOB 
C  y/lfaTPABBYKOBOfi  YAAPHOM  OBPABOTKOM. 

3.  0.  rap0,  3,  M.  ^bicKUiH,  A.  E.  /liiTBUneHKO  (I^h-t 
aneKTpocBapm  am.  E.  O.  HaToua,  r.KmB,  YKpaiwa). 
Ha  ocHOBaHMM  BbinoPHeHHbix  panee  HccaeAOEaHHM 
conpoxHBAPHHf!  ycxa>xocxM  cBapHbix  xpy6Haxb!x  yapoB  i 
M  BJIHBHHB  y/ibXpasByKOBOM  yAapHOM  o6pa6oxKt')  (WO) 
xpyeHaxbix  ya/ioB  b  30He  mx  ceapHbix  coeAHHeHHfi  na 
conpoxMBrteHMe  ycxa/iocxH  m  AOxtroeeMHOcxb  noxaaaHa 
B03MOXHOCXb  nporH03npoBaxb  ocxaxoMHbiCi  pecypc 
xpy64axbix  KOHCxpyxAHti  nociie  npoBSAenviB  WO  b  npo- 
Aecce  HX  SKcnayaxauHH,  x.  e.  npvi  HaaMMHH  onpeA©- 
jieHHoro  ypoBHB  ycxaaocxHoro  sKcn/iyaxauMOHHoro 
noBpexAeHMB,  HaKonaenHoro  k  Mowenxy  o6pa6oxKH. 
no/iyMBHbi  peayAbxaxbi  naxypHbix  HcnbixanMH  xpy6Ha- 
Xbix  yajioB,  noKasbieaiomMe,  mxo  ecnv.  b  ysaax,  noABep- 
rujHXCB  WO  B  30He  ceapHoro  coeAMneHna,  paaMaxH 
acficfjeKXHBHbix  pa6o'-ii'ix  HanpBxeHHii  He  AocxHraiox 
npeAejiaycxajiocxM,  xo  aapoxAeiiHeycxa/iocxHOH  xpe- 
LAHHbi  He  aacpHKCMposaHo. 

riocKOBbxy  nocae  WO  npepea  yoxaaocxM  cymecxBeH- 
Ho  noBbimaexcB,  xo  oxHOCHxeabHO  HMSKMeypoBHM  ahx- 
AHHeCKHX  HanpBXeHHil  B  peaabHbIX  KOHCXpyXAMBX  He 
ynaoxeyiox  b  naxonaenHK  ycxaaocxHoro  noepexAGHHB. 
3x0  o6cxpBxeabcxBo  BBBBexcq  peiuaraiAHM  npvi  noBbi- 
aisHHM  AoaroBeBHocxH  xpydnaxbix  ysaoB  b  pesyabxaxe 
yyO,  BbinoaHBeMofi  b  npoLiecce  axcnayaxaiJiHH  kohc- 
xpyKAMM. 

Ha  ocHOBS  axcnepMMeuxanbHbix  HccaeAosaHMfi  paa- 
pa6oxaHa  MexoAMxa  paosexa  na  ycxaaocxb  xpy6Haxbix 
yaaoB. 

AHaan3  pacceBHHB  HaxonaeHHbix  ycxaaocxHbix  noe- 
pexAeHMM,  cooxBexcxByiomHX  AocxnxeHHio  npeAeab- 
Horo  cocxoBHUB  CBapubix  yaaoGbix  coeAHHeHHfi  (hobb- 
aeHwe  MaKpoxpemHHW  ycxaaocxii),  noayaGHHbix  npH 
McnbixaHMBX  Ha  ycxaaocxb,  noxasbiBaex,  hxo  hx  pacn- 
peAeaeHMB  cooxBexcxeyex  HopwaabHOMy  saxoHy  c  wa- 


ach.  The  initial  optimality  criteria  are  taken  to  be  the 
functionals  of  the  elastic  deformation  energy  and  the 
mean  root  square  deviation  of  residual  stresses  deve¬ 
loping  during  welding,  from  the  specified  admissible 
stresses.  Thus,  the  general  problem  is  defined  as  the 
problem  of  vector  optimisation  in  each  of  the  welding 
process  stages.  In  this  case  both  the  history  of  stage- 
by-stage  formation  of  the  residual  strains,  related  to 
selection  of  the  welding  procedures,  and  the  distribution 
of  the  external  thermal-loading  factors  are  taken  into 
account.  The  calculation  model  is  implemented  through 
approaches  and  methods  of  multicriterial  optimisation 
and  dynamic  programming  using  Bellman's  principle  of 
optimality.  In  the  case  of  a  contradiction  between  the 
selected  optimality  criteria,  the  compromise-optimal  va¬ 
riants  are  sought  in  terms  of  the  Pareto's  approach. 
The  main  types  of  welded  joints  (butt,  overlap  and  fillet) 
are  considered  in  the  paper,  both  for  the  elements  of 
structures  of  plate-shell  type  and  for  rod  structures. 
Methods  are  indicated  for  generalisation  of  the  propo¬ 
sed  approach  for  multipass  welds, 

The  proposed  procedure  is  the  basic  one  in  develop¬ 
ment  ofthe  technology  of  distortion-free  v/elding  ofthin- 
walled  structural  elements  of  a  higher  quality. 


ASSESSMENT  OF  FATIGUE  LIFE  OF  TUBULAR  CON¬ 
NECTIONS  AFTER  ULTRASONIC  PEENING  TREAT¬ 
MENT.  E.F.Garf,  E.M.Dyskin,  A. E. Litvinenko  (The 
E.O.Paton  Electric  Welding  Institute,  Kiev,  Ukraine).  Ear¬ 
lier  performed  research  of  fatigue  resi.stance  of  welded 
tubular  connections  and  the  influence  of  ultrasonic  pe- 
ening  treatment  (UPT)  of  tubular  connections  in  the  zone 
of  their  welded  joints  on  fatigue  resistance  and  life  is 
used  to  demonstrate  the  ability  to  forecast  the  residual 
life  of  tubular  structures  after  UPT  performance  during 
their  operation,  i.e.  at  a  certain  level  of  service  fatigue 
damage  accumulated  by  the  moment  of  treatment. 
Full-scale  testing  of  tubular  connections  produced  re¬ 
sults  v/hich  demonstrate  that  if  in  the  connections  sub¬ 
jected  to  UPT  in  the  welded  joint  zone,  the  ranges  of 
the  effective  working  stresses  do  not  reach  the  fatigue 
limit,  no  fatigue  crack  initiation  is  recorded, 

As  the  fatigue  limit  becomes  significantly  higher  after 
UPT,  the  relatively  low  levels  of  cyclic  stresses  in  the 
actual  structures  do  not  contribute  to  fatigue  damage 
accumulation.  This  is  the  decisive  factor  in  improvement 
of  the  fatigue  life  of  tubular  connections  as  a  result  of 
UPT  performed  during  the  structure  service. 

A  procedure  of  fatigue  analysis  of  tubular  connections  has 
been  developed  proceeding  from  experimental  studies. 
Analysis  of  the  scatter  of  acouniulated  fatigue  damage 
which  corresponds  to  achievement  of  the  limiting  state 
of  v/elded  connections  (appearance  of  a  fatigue  mac¬ 
rocrack),  derived  in  fatigue  testing,  shows  that  its  dis¬ 
tribution  corresponds  to  the  normal  law  with  the  mat¬ 
hematical  expectation  a  =  1.064  and  sampling  mean 
S  =  0.128,  which  allowed  the  hypothesis  of  linear  ac¬ 
cumulation  of  fatigue  damage  to  be  used  in  develop¬ 
ment  of  the  procedure  of  fatigue  analysis  of  the  con¬ 
nections. 

The  case  of  an  off-shore  platform  connection  is  used 
to  demonstrate  the  high  effectiveness  of  welded  joint 
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TewaTUHRCKnM  oxwAaHneM  a  =  1,064  i-i  CTaH,aapTHbiM 
OTtcnoHeuMGM  EibiSopKM  S  =  0,128,  MTO  no3ROjii'i;io  npw 
pa3pa6oTKG  MeTOAHKM  pacMRTa  ysnoB  na  yora/iocTb  mc- 
no/ib30E!aTb  rnnoTeay  jim-ieilHoro  naKnnjieHWR  ycxa- 
/locTHoro  noBpe)KfleHMfl. 

Ha  npMMepe  yana  MopcKoCi  cTapnoHapnoM  nnaTcJiopMbi 
noKaaaHa  Bhicoxafi  34)ct)eKTHBH0CTb  oOpaOojKH  coap- 
Hbix  coeAMiieHHM,  Koropaa  npM  ocraTOMHoM  pecypce 
sKcn/iyaTapuM  s  hcxoahom  nocne  ceapKH  coctobhuh, 
paBHOM  AByM  roflaM,  noaBoaneT  npoAaMXb  pecypc  Se- 
aonacHoil  aKcnayajauuM  ipyOMaToro  yaaa  Ao  12  aer. 

XAPAKTEPMCTMKM  nPOMHOCTM  M  COOPOTHB- 
ilEHMn  PASPyUIEHMIO  CBAPHbIX  COEflMHEHMM 
riEPCriEKTMBHblX  A/IIOMMHMEBO-/!HTMEBfclX 
CnjriABOB.  A.  P.  PlmeHKO,  T.  M.  fla6yp  (Hh-t  a/ieKT- 
pocBapKH  MM.  E.  O.  riaTOHa,  r.Knes,  yKpanHs).  PtpeA- 
CTasaenbi  xapaicrepMCTnKH  npo4HocTM  11  conpoTiiB/ie- 
HMq  paapyiMRHMK)  ccapiibix  coeAHiienMM  neponeKiMB- 
Hhix  ajifOMMHi'iG0o-anTHGDbix  cnaaBOB  paaanMnwx  cnc- 
TeM  .nernpoRauMFi  (AI-LiHVIrj,  Al-Li-Cii,  Al-Li-Cu-Mg). 
ycTanoB/iGHbi  OCO60HHOCTM  n3MGHeHtifi  3TMX  xapaKTe- 
pUCTMK  B  saBMCHMOCTM  OT  GMOTeMbI  JienipOBaHlW  M  yc- 
jioBMM  aKonjiyaianMn  (TeMnepaiypbi,  oKopocTn  Harpy- 
xennr.,  naaMMUH  KonueHTpaTopoB  HanpBxeHnn).  PloKa- 
3ano,  4TO  MUHMMaabHUMM  noKaaaTeaBMM  croCictb  bo 
Bcex  cjiyiaMX  oT/iMMaoTCB  3ona  cnaanjieHMB  Mexan/ia 
luna  MocHOBHoroMexaJi/ia.  PaccMoxpeHbiBapnanxwxex- 
HO/ioruM  cnapKM  cnaaBon  o  jiMXMew,  o6ecne4MBa!Q(HKG 
noBbiiiJemie  npoMHOcxn  m  bsiskocxm  paapyujeiinH  ceap- 
Hbix  coeAMnei-iMM,  cHHXemie  HyBcxsi-ixeahHooxH  k  koh- 
ueuxpaxopaM  HanpBxennM  m  oxpynHUBaHiia  b  yc/ioenax 
BoaAevicxBMB  xpMoreHHbix  opeA  XMAXoro  aaoxa,  kucbo- 
poAa,  BOAopoAa.  AfW  naroxoB/ieuMB  oxDexcxBomibix 
cnapuhix  yanoB  b  pasxiM'iiiMX  KoncxpyKUHfix  aspoxocMM- 
BecKoti  xeKHUKH  peKOMSHAyxJXCB  cnaaBb!  MapxM  1420 
npi-i  xeMoepaxypax aKcn/iyaxanMH  ox 293  ao  77  K  m  MapxM 
1460  — A-nfi  Goaee  iiinpoKoro  nHxepBaxia  xeMnepaxyp. 

COBEPLLIEHCTBOBAHME  KOHCTPyKLiMfl  CTA/lb- 
HblX  ByHKEPOB.  M.  M.  KaaBKeem,  Ji.  O.  Bawimoe 
(Poe.  reXH.  yw-xx.  fl.  TpaHcnopra,  r.  finenponerpoBCK, 
VKpama).  Cxa/ibUbie  nupaMHAa/ibHo-npusMarHHecKMe 
OyHxepa  bb/ibioxcb  oahmm  m3  HanMeHee  nsynetiHbix  bm- 
AOB  cBapubix  BMCxoBbix  KOHCxpyKpuB .  CytuecxByiotui'iM 
ynpoLneHHbiM  mbxoa  mx  paonexa  m  npoGKXMpoBaHUfi, 
ooHOBanHbiPi  Ha  pac'inenenHH  coopyxeHMB  Ha  oxAOJib- 
Hbie  ripooxbie  .ajiGMeuxu  c  nocjieAyiomMM  pacnexoM  hx 
no  a/ieMeuxapHbiM  (uiockhm  paonexubiM  cxewiaM,  hg 
yMHTbiBaox  npocxpaHCXBGHHyto  paSoiy  K0HcxpyKU,HM.  B 
coHoxaiiMM  c  HeKoxopoil  ycaoBHOcxbio  saAaHHB  narpy- 
30K  3X0  npHBOAHX  K  AOBOBbHO  HeSKOHOMHHHblM  pelUe- 
HHBM.  C  APyroM  cxopoHbi,  HBBOCXHbi  cayHaM,  KOPAa 
paccHHxanHbie  no  bcgm  npaen/iaM  cxpoMxeabHOH  Me- 
xaHMKM  OyHKepa  Ha  npaxxHxe  HaHiinaaH  Ae<l)opMMpo- 
BaxbCH  H  paapyiijaxbCB, 

CaM  OyHKep  cocxomt  H3  npM3Maxn4ecKofi  h  ni-ipawH- 
AaAbHoil  Hacxexi.  KoncxpyKXMBHo  ohm  0(t)OpMMpOBaHbl 
M3  CXa;ibHblX  XIMCXOB  HC60BbLU0M  XOBLUMHbl,  nOAKpen- 
BftHHblX  npMBapOHHblMM  K  HMM  ropM30HXa/lbH bIMH  pe6- 
paMM  XGCXKOCXM.  Sawacxyio  npMSMaxMHecKaB  nacxb 
BbinojiHBexcB  HeSojibuiOM  Bbicoxbi  M  npGACxasxiBex  co- 
6cm  npocryio  oOBBaxy  H3  AByxaBpoBbix  daBOX.  Plpoxa- 
xenHocxb  ceapubix  lubos  b  eynicepax  Beobwa  snaMM- 
xeBbua  M,  xax  CBMAexeaboxByex  onwx  sKcnByaxauMM. 
MMGHHo  no  HMM  npoMcxoAMX  paspyujeuMe  coopyxe- 
HMfi, 
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treatment  which  at  the  re.siduai  life  equal  to  two  years 
in  the  initial  as-welded  condition,  allov/s  the  safe  life  of 
a  tubular  component  to  be  extended  up  to  12  years. 


I 

CHARACTERISTICS  OF  STENGTH  AND  FRACTURE 
RESISTANCE  OF  WELDED  JOINTS  OF  PROMISING 
ALUMINIUM-LITHIUM  ALLOYS.  A.Ya.Ishchenko, 
T.M.Labur  (The  E.O.Paton  Electric  Welding  Institute, 
Kiev,  Ukraine).  Strength  and  fracture  resistance  char¬ 
acteristics  of  promising  aluminium-lithium  alloys  of  va¬ 
rious  alloying  systems  (Al-Li-Mg,  Al-Li-Cu,  Al-Li-Cu- 
Mg)  are  given.  The  features  of  these  characteristics 
variation  depending  on  the  alloying  system  and  service 
conditions  (temperature,  loading  rate,  presence  of 
I  stress  rai.setT>)  are  established.  It  is  shown  that  in  all  the 
i  cases  the  minimal  values  of  the  properties  are  charac¬ 
teristic  of  the  zone  of  fusion  of  the  weld  and  the  base 
metal.  Variants  of  the  technology  of  welding  aluminium 
alloys  with  lithium  are  considered,  which  provide  a  hig¬ 
her  strength  and  fracture  toughness  of  welded  joints, 
lower  sensitivity  to  stress  raisers  or  embrittlement  when 
exposed  to  cryogenic  media  of  liquid  nitrogen,  oxygen 
^  and  hydrogen.  Alloys  of  1420  grade  for  servirje  tempe- 
i  rature.s  from  293  to  77  K  and  1 460  grade  for  a  broader 
temperature  range  are  recommended  for  fabrication  of 
critical  v/e!dments  in  various  structures  of  aerospace 
engineering. 


I  UPGRADING  OF  DESIGNS  OF  STEEL  HOPPERS. 

‘  M.l.  Kazakevich,  D.O. Bannikov  (State  Techn.  Univ.  of 
i  Railway  Transportation,  Dnepropetrovsk,  Ukraine). 
Steel  pyramidal-prismatic  hoppers  are  one  of  the  least 
studied  kinds  of  welded  sheet  structures.  The  existing 
simplified  approach  to  their  calculation  and  design 
based  on  division  of  the  construction  into  individual  sim¬ 
ple  elements  with  their  subsequent  calculation  by  ele¬ 
mentary  plane  design  procedures,  does  not  allow  for 
the  spatial  performance  of  the  structures.  This,  in  com¬ 
bination  with  a  certain  arbitrariness  of  specifying  the 
loads  leads  to  rather  costly  solutions,  On  the  other  hand, 
i  known  are  the  oases  when  the  hoppers  calculated  in 
keeping  with  all  the  rules  of  structural  mechanics,  star¬ 
ted  deforming  and  breaking  up  in  practice. 

The  hopper  itself  consists  of  a  prismatic  and  a  pyramidal 
I  part.  In  terms  of  design  they  are  made  of  thin  steel 
i  sheets  reinforced  with  horizontal  stiffeners  welded  to 
them.  The  prismatic  part  is  quite  often  made  of  a  small 
height  and  is  a  simple  strapping  of  I-beams.  The  extent 
of  welds  in  the  hoppers  is  quite  considerable,  and,  as 
indicated  by  the  operation  experience,  this  is  exactly 
I  where  the  con.structions  fail. 

Numerical  simulation  by  the  finite-element  method  was 
used  for  a  detailed  investigation  and  analysis  of  the 
spatial  stress-strain  state  of  the  structures.  Computa¬ 
tion  was  performed  using  a  specialised  application  pro- 
I  gram  package. 
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fljifi  noflpo6Horo  kicc/ieflOBannsi  m  aHannsa  npocTpan- 
CTGeHHoro  HanpRxenHO-flecjDopMupoBaHHoro  coctor- 
HMR  KOHCTpyKM,MM  6uH0  TipUMeHeHO  MMCJieHHOe  MOfle- 
jinpoBaHne  no  Merofly  KOHenubix  BjieMenToe.  PacReTU 
Bbino/itmBM  Ha  KownbioTeps  c  npMMeHenneM  cnsui/ia- 
pnanpoBaHHoro  naKeia  npmcnaflHbix  nporpaMM. 
UccpeflOQaHMB  npoBOfliuiM  bochmh  HaM6oJiee  xa- 
paxrepHbix  oSteMOB  ouMMerpiiMHiJX  npriMoyroabUbix 
SyHxepoB  wa  AnanaaoHa  5...  1400  m  ,  KOTopbie  oxeaTbi- 
BaJiM  Bce  BCTpenaiomMecB  Ha  npaicTHKe  pasMepw  kohc- 
TpyKUMti.  B  Kax<AOM  m3  nopAManaaoHOB  6bi/in  npocHH- 
TaHbi  6yHKGpa  paa/iHMHbix  KOHcrpyKTHBHbix  cxeM  M  B  nep- 
eyio  osepeAb  TpaAHMHoHHofi,  c  ropnaoHjanbUhiM  pac- 
no/ioxGHMeM  pe6opxecTKocTH,  csapeHHbix  syr/iax,  06- 
u.(aR  xapTHna  HanpBxeHHa  Hen^oxo  coBnapaer  c  npax- 
imeoKow,  a  KOHueHTpaTopaMW  HanpBxeHHil  hbbhiotcr 
ymoBbie  aoi-ibi  cTbiKOBKH  pe6ep  v.  6ajiOK  oObbskh,  nexo- 
TopbisMecTa  csapubix  coeAHneHHM.  HapPAV  c3Thm  bbi- 
BBfieHo,  MTo  caMa  cTeHxa  H  pe6pa  b  npopere  cwnbHo 
HeporpyxeMbi.  OpMeHTapMa  pe6ep  xcctkocto  nepnan- 
AHxyjwpno  cxeHKe  6e3  mx  cBapKH  APyr  c  ppyroM  cyiiiec- 
TBeHHO  MSMenReT  o6Luee  HanpaxeHH0-Aetj3opMnpoBaH- 

Hoe  cocTOFiHMe  KOHCTpyKUHP.  Sntopa  Maiepnana  anaHH- 
TePbHo  npudmixaeTOH  k  sniope  HanpHxeHufi.  ypaeTCB 
M36exaTb  MHorMX  wecTHbix  KOHuenTpaxopoB  nanpqxe- 
HMM,  B03M0XH0  CHHxeHHG  Maccbi  pe6ep  Ha  30.. .40  % 
6e3  noxepH  o6ineH  Hecyuieii  cnoco6nocxn.  flojioxH- 
xe.nbHbiM  B  coBepaieHCXBOBaHHM  KOHCxpyKXHBHofi  cxeMU 
BBXiBexcB  pacnoBoxenwG  pe6ep  xecxKocxH  BepxHKaxib- 
HO,  XOHHee,  BeepoodpasHo.  ripw  axoM  b  pa6oxy  skbio- 
HaexcH  cawa  cxeHxa  nnpaMHAanbHoi1  nacxH,  odiAan  a^h- 
Ha  pedsp,  a  sHaMHX,  n  npoxaxenHocxb  ceapHux  lijbob, 
yMeHbUjaexcB  a  2, 0-2, 5  pasa,  HapexHooxb  xoHcxpyKHHM 
Bospacxaex  aa  cmsx  MaKCMrxa/ibHoro  npn6jinxeHHFi  k  ee 
AeMcxBHxeabHOH  paSoxe.  flono/iHHxe/tbUbiMH  wepawM 
no  cHHxeHHK)  M8xa/iGoeMKocxn  OyHKepa  Moxex  cnyxHXb 
npHMeHGHHe  paapaOoxaHHoil  yjiyMiueHHOM  xoHcxpyKpHH 
oxASGbHhix  yanoB,  b  naoxHocxM  yaaa  onnpaHna  Ha  ko- 
noHHy,  y3/!a  cxhikobkh  npn3MaxnMecKOM  h  nMpaMHAanb- 
Hoti  HacxeCi  ii  AP. 

OxASiibHo  paccMoxpeH  Bonpoc  o  cooxnoujeHHH  xecx- 
Kocxeft  H  Bbicox  nnpaM!iAa^bHoi1  h  npHswaxHnecKoti 
■Hacxeii.  HpeAxioxena  HOBaa  cxewa  pacMexa  6a/iOK  o6- 
BHaKH  c  npeAnonoxenneM  o  nepeAaae  narpysKH  xojib- 
Ko  Hepes  ee  yr/ioBue  30Hbi.  VcxaHOB/iSHbi  pa3Hbie  rpa- 
AaHMM  onXMMajlbHblX  COOXHOUjeHHM  Bbicox  Af  B  paa/lMM- 
Hbix  odbeMOB  6yHKepo8  c  ynexoM  it)aKxopa  skohommm- 
HocxH  3ano/iHeHHH  cbinyHMM  MaxepMajioM. 
BcGBosMOXHbie  npocxpancxseHHbie  cxeMbi  pacnpeAe- 
jieHMB  HanpBxenHH  h  AettiopwiaAMti  HamBAHo  m/ibioc- 
XpHpyiOX  npaBlIJlbHOOXb  HaUJHX  BbIBOAOB,  HBJIHRCb 
npeAnocbi/iKoCi  k  paapaOoxKe  ycoBepmeHcxBOBaHHOH 
xeopexMHecKofi  MexoAMKM  pacnexa  OynKepoE  AanHoro 
XHna.  HeKoxopwe  H3  npeA.noxeHHbix  pGKoweHAauHM, 
no  MHeHHK3  aBxopoB,  Moryx  6bixb  ynxeHbi  s  AanbHePi- 
liieM  B  HopwaxHBHofi  ^Mxepaxype. 

PACMETHblfi  AHAJ1M3  OCTATOMHblX  HAHPJDKE- 
MWPl  CBAPHbSX  COEflMHEHMf^  TPYEMATblX  HPO- 
cttMilEM.  B.  C.  KasapHoBCKi^M,  fl.  C.  Bacunbeea  (Cn6- 
rync  (HI^U\)KT),  r.HOBOCH6npCK,  P0).  AnJi  9KOHOMMH- 
Hbix  csapubix  coeAHHeHHil  98GMeHXOBxpy6Haxoro  npo- 
CXbIKOBbIX  H  (pHaHUa  C  Xpy6oH,  BbinO/lHHeMbIX 
6e3  noAKJiaAHoro  Ko/ibua  c  peryjiHpyeMWM  Bnyxpen- 
HHM  KOPbueBbiM  HenpoBapoM  B  npeAsnax,  AonycxHMux  ^ 
HOpMaMM,  npOBGAGH  paCHGXHblH  aHaJlHS  SHaneHHM  H  j 


i  Investigations  were  conducted  tor  eight  most  typical 
volumes  of  symmetrical  rectangular  hoppers  from  5  to 
1 400  m^  range  which  covered  all  the  practically  used 
structure  dimensions.  In  each  of  the  subranges,  the 
hoppers  of  various  designs  v/ere  calculated  and,  prima¬ 
rily,  those  of  the  traditional  design  with  the  horizontal 
arrangement  of  the  stiffeners  welded  at  corners.  The 
total  stress  pattern  correlates  quite  well  with  the  prac¬ 
tical  results,  while  the  stress  raisers  are  corner  zones 
of  abutment  of  the  stiffeners  and  the  beams  of  the  strap¬ 
ping  and  some  zones  of  the  welded  joints.  In  addition 
I  it  has  been  found  that  the  wall  proper  and  the  stiffeners 
;  in  the  span  are  greatly  underloaded.  The  stiffener  ori¬ 
entation  normal  to  the  wall  without  their  welding  to  each 
other,  essentially  changes  the  total  stress-strain  state 
of  the  structure.  The  material  epure  becomes  much 
closer  to  the  stress  epure,  Many  of  the  local  stress 
raisers  can  be  eliminated,  and  the  stiffener  weight  can 
be  reduced  by  30  to  40  %  without  loss  of  the  total  load¬ 
carrying  capaoity.  A  positive  development  in  terms  of 
improvement  of  the  design,  is  vertical,  or  more  preoi- 
!  sely,  fusiform  arrangement  of  the  stiffeners.  In  this  case, 
the  pyramidal  part  wall  proper  takes  the  load,  the  total 
length  of  the  stiffeners  and,  hence  extent  of  the  welds, 
is  reduced  2.0  to  2.5  times,  and  the  structure  reliability 
is  improved  due  to  reproducing  Its  actual  performance 
as  close  as  possible.  Application  of  the  developed  im¬ 
proved  design  of  individual  assemblies,  namely  the  as¬ 
sembly  of  resting  on  the  column,  assembly  of  abutment 
of  the  prismatic  and  pyramidal  parts,  etc.,  can  serve  as 
an  additional  measure  to  lower  the  hopper  metal  con- 
I  tent. 

The  issue  of  the  ratio  of  the  stiffness  and  height  of  the 
pyramidal  and  prismatic  parts  is  considered  separately. 
A  nev/  procedure  of  beam  strapping  calculation  has 
been  proposed  with  the  assumption  of  the  load  transfer 
only  through  its  corner  zones.  Various  gradations  of  the 
optimal  ratios  of  heights  for  different  hopper  volumes 
have  been  established  allowing  for  the  factor  of  cost- 
effectiveness  of  filling  with  the  bulk  material. 

The  most  diverse  spatial  schematics  of  stress  and  strain 
distribution  readily  illustrate  the  correctness  of  our  con- 
clu.slons,  being  a  prerequisite  for  development  of  an 
improved  theoretical  procedure  for  calculation  of  hop¬ 
pers  of  this  type.  Some  of  the  proposed  recommenda¬ 
tions,  in  the  authors'  opinion,  can  be  incorporated  fur¬ 
ther  on  into  standards  and  specifications. 


CALCULATION  ANALYSIS  OF  RESIDUAL  STRESSES 
OF  WELDED  JOINTS  OF  TUBULAR  SECTIONS. 

V.S. Kazarnovsky,  L.S.Vasiljeva  (SihGUPS  (NIIZhT),  No¬ 
vosibirsk,  Russia).  Calculation  analysis  of  the  values  and 
nature  of  distribution  of  residual  welding  stresses  (pipes 
of  89X5,  89X6  and  121X10  mm  cross-section)  has 
been  performed  for  cost-effective  welded  joints  of  ele¬ 
ments  of  a  tubular  profile,  both  butt  joints  and  fiange- 
to-pipe  joints  made  without  a  backing  ring  with  a  con- 
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xapaKTepa  pacnpeAenei-ma  ocTaxoMHUx  CBapoMHWX 
HanpRxeHufi  (TpySbi  ceneHnew  89X5;  89X6  m 

121X10  mm).  ilpoana/inanpoBaHo  coBMecxHoe  Bos- 
fleiicTBue  ocraTowHbix  HanpBxeHnii  n  tiHeiuHea  narpys- 
KM  (npoflOJibHoro  pacTBrneaiomero  ycM/inq). 
PacMeTHbiw  aHa/iH3  ocymecTB/iB/in  b  KOHeHHO-sBeMGH- 
THOM  nporpaMMHOM  KOMnnexce  COSMOS/M.  Ha  nep- 
BOM  axane  BbiBBnB/iM  pacnpeflejieHUs  TeMneparyp  no 
ceHeHMio  oOpaau.a.  Saflawy  pcaia/iH  b  npeAno/io>KeHHM 
oflHoBpeMSHHoro  Ma.noxeHHB  csapHoro  uiBa  no  Bceti 
flUMHe  (cornacHO  npeflnoxcesmio  B.  C.  HrHaTbesoM), 
3to  nosBonuTio  npHHBTb  pacnpefleneHne  TeMneparyp, 
TeMneparypHbix,  a  raioKe  ocraTOMUbix  Hanpnx<eHMM, 
OCeCMMMGTpUMHblM,  HTO  SHaHMTeBbHO  yPipOCTH/lO  pe- 
uieHwe. 

PacnpeflenGHHe  TGMneparypbi  npn  cBapKe  onpeAe/in- 
ercn  npn  rpiannMHbix  ycnoEHfix  Tperbero  pofla.  Ten/io- 
4)M3HMecKMe  xapaKTepncTHKM  npi-innMann  cjieAyioaiM- 
mm;  K03ct)4)HUMeHTTennonpoBOflHocTnX  =  40,2Bt/m  ’C; 
yflenbHap  ofirieMHafl  Ten/ionpoBOflHocTb  C  = 
=  600  fl>K/Kr-'C;  K034)4iMU,MeHTTGn/iooTAa'-in  paBun.nca 
K03(t»ctHiUPeHTy  KOHBeKTABHoiiTermooTAaHM  H  aaencen 
OT  pasHOcrn  TeMneparyp  noBepxHoc™  rpyObi  M  OKpy- 
xaioLAsti  cpeA.bi /C  =  0...  1 9,8  Bt/m^-'C;  K03ct)ct)MM|ieHT 
oObeMHoro  paciunpeHnn  nocTonnubiM  a.  =  1,2-10  .  He 
y-iMTbiBann  stfxJ^eKTb!  cTpyiaypHbix  npeBpainennCi,  ko- 
Topbie  B  HnaKoyr/iepoA^CTbix  oranAX  He  npnnoAnr  k 
oLLiyTMMbiM  norpeoiHocTHM.  HaMa/ibHoe  pacnpeAejie- 
Hue  TeMneparyp  npHUMMaBi/i  oahopoahhm  (+  20  "C). 
rioroHHan  sHeprnn  csapKH  =  W/v,  tag  v  —  cKopocTb 
cBapKH  (m/c),  onpeAe/iBBaob  n  saBncHMoorn  otto/iu^m- 
Hbi  csapuBaeMbix  rpyS  (b  npeAsnax  10... 20  Kflxp/CM). 
ripoAonxHTenbHocTb  noABOAa  noroHHOH  sHepruH 
cBapKM  HaanaHann  na  yc/ioBHB  paaorpena  MeTan/ia 
UJBa  f\o  T  -  1550 'C.  Hanpfl>KeMHoe  coctobhug  (HC) 
onpeAe.nfi/)n  nyreM  npocnex;nBaHHB  paaoHTOB  ynpy- 
ronnacruHGCKnx  ASftiopMauMM  b  npouecce  Harpasa  n 
BbipaBHMBaHnn  TeMneparyp  c  npwMeneiineM  annapara 
Teopnn  TepMonnacTHSHOcTk!  b  (popMe  mctoab  Aeft'op- 
MapHOMHOM  Teopnn  nnacTunHocTn.  XapaxTepnoTHKn 
MeTaA/ia  E.  G,  npeAen  TeKynecTU  n  AnarpaMwa  as- 
4)opMMponaHHB  npnuBTbi  aaBi-icuMbiMn  oTTGMne- 
parypai . 

PeayjibTaTbi  pacMera  KaHecTseuHO  coBna.nn  c  xapruHon 
pacnpeAG/ieiinB  ocTaroHiibix  Haoppoxeiinn,  no/iyMeH- 
Hon  B  MccneAOBaHnqx  H3C  mm.  E.  O.  riaroHa.  B  aoHe 
CBapHoro  KOJibueBoro  lUBa  CTUKOBbix  coeAHHennn  o6- 
paayercB  oOteMHoe  HC  c  aobo/ibho  bwookhm  ypoBiieM 
KOJibueebix  (TanreHunaBbHbix)  oceBbix  (npoAO/ib- 
Hbix)  n  paAna/ibHbix  HopManbHbix  Hanpaxeunn. 
Ha  pacnpeAeneHne  ocraToHHbix  HanpnxGHnR  sHaMn- 
Te.nbHoe  BnnnHne  oxasbiBaioT  narnSHbie  AecfjopMaLinn 
(rax  HaabiBaeMbid  KopceTHbid  ettxfieKT).  3™  Asefiop- 
Mai.iMn  noBB/ifbOTCB  BcneACTBne  ycaAxn  aKTusHon  ao- 
Hbi,  npnnoABiAGn  k  yMeHbineHnio  AnaweTpa  ynacTKa 
TpyObi. 

Ha  BHyrpeHHen  noBepxHOCTn  ceapHoro  ujBa  B03HHKaeT 
oOteMHoe  HC  co  SHaHMTeBbHbiMn  pacTOrnBaiomnMn 
ocTaTOMHbiMM  o^,  M  paAManbUbiMM  pacTBrnBaioiJ.inMn 
HanpnxeHMBMn  a^.  VpoBeHb  noo/ieAHnx  b  2.,,3  pasa 
HMxe,  >ieM  cs^  M  CTy.  noBn  ocTaroHHbix  nanpnxeHiin  b 
30ne  BiiyTpoiinero  nenpoBapa  cBapnoro  mea  obmao- 
rejibCTByioT  o  tom,  mto  ohm  cosAaior  raxy'io  xe  KonneH- 
rpannio  HanpnxeHnn,  xax  n  HopManbUbie  Hanpnxenufi 
OT  BiieujHCM  (oceBon)  HarpysKH,  C/ieAOBaTenbHo,  noA- 
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trollable  inner  circumferential  lack-of-penetration  within 
the  tolerance  allowed  by  the  codes.  The  combined  ac¬ 
tion  of  residual  stresses  and  external  load  (longitudinal 
tensile  force)  has  been  analysed. 

Calculation  analysis  was  performed  in  FEM  COSMOS/M 
program  system.  Temperature  distribution  over  the 
sample  cross-section  was  determined  in  the  first  stage. 
The  problem  was  solved  in  the  assumption  of  a  simul¬ 
taneous  deposition  of  the  weld  along  the  entire  length 
(as  suggested  by  V.S. Ignatyeva).  This  allowed  the  a.s- 
sumption  of  axially  symmetric  distribution  of  tempera¬ 
tures,  and  of  temperature  and  residual  stresses,  which 
greatly  simplified  the  solution, 
j  Temperature  di.stribution  in  welding  is  determined  under 
i  boundary  conditions  of  the  third  kind.  The  thermal-phy- 
!  steal  characteristics  were  taken  to  be  as  follows:  heat 

conductivity  factor  >.  =  40.2  W/m-'C;  bulk  heat  conductivity 

C  -  600  J/kg-’C;  coefficient  of  heat  transfer  was  equal  to 
the  noefficient  of  convective  heat  transfer  and  wa.s  depend¬ 
ent  on  the  temperature  difference  betv/eenthe  pipe  surface 
and  the  environment  K  =  0...19.8  W/m  -"C;  coeffident  of 
volumetric  expansion  was  constant  a  =  1.2  -10  ,  The 
effects  of  structural  transformations  which  do  not  lead 
to  tangible  errors  in  low-carbon  steels,  were  not  taken 
into  account.  The  initial  temperature  distribution  was 
assumed  to  be  uniform  (■f20  ‘C). 

The  welding  heat  input  =  Wjv,  v^here  v  is  the  welding 
speed  (m/s),  v/as  determined,  depending  on  the  thic¬ 
kness  of  the  pipes  being  welded  (in  the  range  of  10  to 
20  kJ/cm).  The  duration  of  welding  heat  input  was  as¬ 
signed  from  the  condition  of  weld  metal  heating  up  to 
T  =  1  550  'C.  The  stressed  state  (SS)  v/as  determined 
by  tracing  the  development  of  elasto- plastic  deforma¬ 
tions  during  heating  and  homogenising  of  temperatures 
by  applying  the  body  of  mathematics  of  the  theory  of 
thermoplasticily  in  the  form  of  the  method  of  deforma- 
tional  theory  of  plasticity,  Metal  properties  E,  G,  yield 
point  Cy  and  deformation  diagram  were  taken  to 
be  temperature-dependent. 

The  calculation  results  qualitatively  coincided  with  the 
pattern  of  residual  stress  distribution  derived  in  the 
E.O.Paton  Electric  V/elding  Institute  investigations.  The 
zone  of  the  circumferential  weld  of  butt  joints  develops 
a  bulk  f5S  with  a  rather  high  level  of  circumferential 
(tangential)  or^,  axial  (longitudinal)  and  radial 
normal  stresses.  The  residual  stress  distribution  is  gre¬ 
atly  affected  by  bending  strains  (so-called  ''corset”  ef¬ 
fect).  These  strains  result  from  shrinkage  of  the  active 
zone,  leading  to  reduction  of  the  pipe  section  diameter, 
j  The  weld  inner  surface  develops  a  bulk  SS  with  consid¬ 
erable  tensile  residual  and  radial  tensile  cs^  stres¬ 

ses.  The  level  of  the  latter  is  2  to  3  times  lower  than 
that  of  and  The  residual  stress  fields  in  the  zone 
of  the  weld  inner  lack-of-penetration  indicate  that  they 
create  the  same  stress  concentration,  as  normal  stresses 
due  to  external  (axial)  load.  Therefore,  the  hypothesis  put 
fotv/ard  by  I.V.Kudryavtsev,  of  the  analogy  between  the 
residual  stress  concentration  and  concentration  of  stres¬ 
ses  fiom  the  external  forces,  is  confirmed. 

Calculation  analysis  of  the  simultaneous  impact  of  the 
residual  welding  stre,sses  and  the  external  load  was  per¬ 
formed  using  the  equations  of  thermoplasticity  and  plas¬ 
ticity  in  the  form  of  the  plastic  flow  method,  which  allows 
1  taking  into  account  the  complex  loading  process.  The 
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TBepxflaeTCf!  BbiflBUHyran  1/1.  B,  KyflpaBueBbiM  runore- 
3a  o6  ana/iorMH  KOHueHTpapnn  ocTaTOHKbix  HanpHKe- 
HMM  M  KOHuenTpaui/M  HanppxeHuti  or  bhgujhhx  cun. 
ripi/  pacneTHOM  aHaJinse  coBMecTnoro  B03flericTBMB 
ocTaTOMHbix  cBapoBHWX  HanpBxeiinti  n  BueLUHeOi  nar- 
pysKM  Mcno/ibaosanbi  ypaBHenna  TepMon/iacTMMHOCTU 
M  naacTMHHOCTM  B  cpopMe  MeTOfla  ruiactnaecKoro  re- 
BeHMB,  KOTopaa  nosBO.naeT  yaecTb  npopecc  caoxHoro 
HarpyxeuMB.  YpoBenb  CM.noBoro  BosfleMCTBMB  npuHBT 
M3  ycjioBMB  flocTuxeuMB  HOMMHaBbHbiMM  nanpBxeHM- 
npefleaa  TeKyaecTM  Marepna/ta.  flpn  coBMecTHOM 
CBapOMHOM  M  CMJ10BOM  B03fieMCTBMM  npOMCXOflUT  HB- 
pepacnpGfleaenne  cocraBJiatoLnnx  HanpaxeHHoro 
COOTOBHMB,  CM/IOBOe  BOSflSfiCTBMe  HeCKOBbKO  CHMXaeT 
xecTKOCTb  HC  B  30He  KOHueHTpaTopa  oT  TeMnepaTyp- 
Horo  BOafleMCTBMB  B  CBBSM  C  TBM,  BTO  HanpaBJiBHHe 

„  OCT 

BGKTopa  no/iHbix  ocTaTOMHbix  HanpaxenMM  c..  b  aone 
KOHUGHTpaTopa  He  coBnaflaeT  c  HanpaBJienMeM  bbkto- 
pa  noBHbix  HanpaxeHMM  0^  ot  BHeiiiHefi  ocesoPi  Har- 
pysKM  p.  B  CBa3M  c  3TMM  aBre6paMMecKoe  cywMMpo- 
BaHMG  OCXaTOHHblX  M  CMJlOBbIX  HanpaXeVIMM,  BblHMCaeU- 
Hbix  paapeabHo,  HenpaBowepHo. 

y  COGflMHGHMM  cjj/iaHUGB  C  Tpy60M  OCTaTOHHWG  Hanpa-  I 
XGHMa  HGCKO/lbKO  HMXG,  HeM  y  CTblKOBblX,  1/13-33  6oab-  ! 

liiefi  npoflo/ixMTeabHocTM  paaorpesa  Mexanjia,  mto  no  ; 
CBOGMy  3(}jcfieKTy  paBHOSHaHHo  npeABapMTeabHOMy  pa- 
sorpGBy  cBapMBaeMbix  sneMeHTOB. 

nOBblUlEHME  HAflE>KHOCTM  M  AOJirOBE'iHOC- 
TM  HAnme/ISIEMblX  MSflEJlHii.  B.  H.  KamuHOB, 

B.  A.  BsrpoB  (VKp.  m>K.-nejn,.  aKaff.,  r.XapbKOB,  VKpa- 
t'fna).  noBbiaieHMeHaAGXHOcTM  m  Ao/iroBeHnocTM  csap- 
Hb!x  M  HannaBJiGHHbix  [xeranew  m  yanoB  c  McnoabsoBa- 
HMGM  pecypcoc6eperaiomMx  MaTepMaaoB  m  lexHoao- 
TMM  aBAaGTca  axTyaabUbiM,  K  HanaaBAaeMbiM  cnaasaM 
npGA'bsiBaaioTca  xecTicHe  Tpe6oBaHMa  no  lexHo.norM- 

MGCKOM  CBapUBaeWOCTM,  M3HOCOCTOMKOCTM  M  HaASX- 
HOCTM.  npMMeHGHMe  MapTeHOMTHO-CTapei01il,MX  CTaaOM 
B  KaaeoTBe  HanaaBAGHHoro  MSHOcocToiiKoro  Mexaaaa 
MMeex  paA  npei/iMyiuecxB  nepeA  MexaaaoM  wapxeH- 
CMXHoro  M  MapxeHCMXHO-aycxGHMXHoro  KaaccoB.  Oa- 
naKo  Bbicoxaa  cxoMMocxb  m  Ae4>HM^iTHocxb  xaKMX  ae- 
mpyKDLUMX  aaeMGHXOB,  xax  Ko6aahx,  HHxeab,  Boab- 
cfipaw,  orpaviMMMBaioxMxnpMMeHeHMe,  riepcneKXMBHbi- 
MM  aeaaioxca  6e3HMKeaeBbie  AwcnepcMOHHo-xBepAe- 
louJiMe  cnaaBb!  CMCxeMU  C-Cr-Mn-K^o-Ti  Ha  ochobg 
xeaeaa.  npMweHeHMe  TiC  b  KaHecxee  ocMOBHoro  xap- 
6MAOo6pa3yiomero  b  oxmx  cnaasax  MaMenaex  cxpyxry- 
py  nepBMHHOM  KpMcxanaMaaLiMM.  noBbiiuaex  mshoco-  m 
xepMocxoPiKocxb  HanaasaeHHbix  caoeB,  yMGHbUjaex 
Aoaio  aycxGHMxa,  hxo  oP5ycAOBaGHO  chmxghmgm  coAep- 
xaHMa  yraepoAa  b  xbgpaom  paoxBope,  Tax,  HanaaeoM- 
HbiG  criaasbi  cMcxGMbi  C-Cr-W-V-Ti,  coAepxaaine 
0,65...0,70  %  C  (HanpMMep  wapKii  yOXeBSctT),  m  C- 
Cr-Mn-Mo-Ti  c  0,40. .,0,60  %  C,  3., .5  %  Cr, 

5...7  %  Mo,  10.. .15  %  Mn  m  1,2.. .2, 5  %  Ti  HeanaMM- 
xeabHO  ycxynaioxxBGpAocxM  sxaaona  35B9X3rC(t>  npM 
xeMnepaxype  6oaee  673  K. 

BaxHOM  xapaiaepMCXMKOM  HaAexHocxn  Hanaaeaenubix 
cnaaBOB  b  npopecce  sKonayaxamiM  BBaBexcn  paswep- 
HaS  CXaOMabHOCXb  M  CXOMKOCXb  npoxMB  oSpasoBaHMB 
xoAOAHbix  xpeii^MH,  Koxopbie  Moryx  BbiSbiBaxbcq  Han- 
pqxeHMfiMH  nepBoro,  Bxoporo  m  xpexbero  poAa,  Hay- 
HGHMe  XepMMHGCKMX  pMKnOB,  cxpyKxypHhiti  M  XMMnaeC- 
KMM  aHaaM3bi  noKasaaii,  hxo  npMMGHeuMe  HanaasKM  c 


level  of  load  was  assumed  from  the  condition  of  nominal 
stresses  achieving  the  material  yield  point.  Simultaneo¬ 
us  welding  and  load  impact  leads  to  redistribution  of 
the  stressed  state  components.  The  load  action  somew¬ 
hat  lowers  the  stiffness  of  SS  in  the  zone  ot  the  raiser 
due  to  the  temperature  impact,  as  the  direction  of  the 
vector  of  total  residual  stresses  in  the  raiser  zone 
does  not  coincide  with  the  direction  of  the  vector  of  total 
stresses  from  the  external  axial  load  p.  In  this  con¬ 
nection,  algebraic  summation  of  the  residual  and  load 
stresses  calculated  separately,  is  invalid. 

In  pipe-to-flange  joints,  the  residual  stresses  are  so¬ 
mewhat  lower  than  in  the  butt  joints,  because  of  a  longer 
duration  of  metal  heating,  this  being  equivalent  in  its 
effect  to  preheating  ot  the  elements  being  welded. 


INCREASE  IN  RELIABILITY  AND  FATIGUE  LIFE  OF 
AS-SURFACED  PRODUCTS.  V.N.Kalianov,  V.A.Bagrov 
(Ukrainian  Engineering-Pedagogical  Academy,  Khar¬ 
kov,  Ukraine),  increase  In  reliability  and  fatigue  life  of 
welded  and  surfaced  parts  using  resources-saving  ma¬ 
terials  and  technologies  is  an  urgent  task.  Stringent  re¬ 
quirements  on  technological  weldability,  wear  resistan¬ 
ce  and  reliability  are  made  ot  the  surfacing  alloys.  Use 
of  maraging  steels  as  the  deposited  wear-resistant 
metal  has  several  advantages  over  the  metal  of  mar¬ 
tensitic  and  martensitic-austenitic  classes.  Their  appli¬ 
cation,  hov/ever,  is  limited  by  the  high  cost  and  scarce 
supply  of  such  alloying  elements  as  cobalt,  nickel  and 
tungsten.  Nickel-tree  dispersion-hardening  iron-base 
alloys  of  G-Cr-Mn-Mo~Ti  system  are  promising.  TiC 
used  as  the  main  carbide-forming  element  in  these  al¬ 
loys  changes  the  initial  crystallisation  structure,  incre¬ 
ases  the  wear  resistance  and  heat  resistance  of  the 
deposited  layers,  reduces  the  share  of  austenite  which 
is  due  to  lowering  of  the  carbon  content  in  the  solid 
solution.  So,  surfacing  alloys  of  C-Cr-W-V-Ti  system  with 
0.65-0.70  %  C  {for  instance,  ot  70Kh6VZFT  grade)  and 
C-Cr-Mn-Mo-Ti  system  with  0.40-0.60  %  C,  3-6  %  Cr, 
5-7  %  Mo,  10-15  %  Mn  and  1.2-2, 5  %  Ti  are  only  slig¬ 
htly  inferior  in  hardness  to  35\/9l<hZGSF  standard  at 
more  than  673  K  temperature. 

An  important  characteristic  of  the  deposited  alloys  relia¬ 
bility  in  service  is  the  dimensional  stability  and  cold  crac¬ 
king  v/hich  may  be  caused  by  stresses  of  the  first,  second 
and  third  kind.  Study  of  the  thermal  cycles,  structural  and 
chemical  analyses  showed  that  application  of  surfacing 
with  feeding  ot  filler  wi  thout  current  directly  into  the  molten 
metal  pool,  equalises  the  phase  composition  and  micro¬ 
hardness  distribution  and  lowers  carbon  diffusion  into  the 
fusion  zone  from  the  base  metal. 

The  stress  cracking  resistance  of  the  deposited  mara¬ 
ging  metal  is  also  attributable  to  its  high  fracture  toug- 
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noflaMeCi  o6ocTo^ieMHari  npMcaflKi'i  HenocpeflCTBenno  b 
Baiiny  >KMAKoro  Meran/ia  BbipaBHUBaet  4>a30BbiM  cocTae 
M  pacnpofle/ieHMO  MUKpoTBepflocTU,  cHM>KaeT  AHcl34’y3Hio 
ymepoAa  b  aony  cruiae/ieHnq  ms  ocHoBiioro  Meia/i/ia, 
CTOMKOCTb  HannaBJienHoro  MapTencviTHo-CTapGioinRro 
MeraA/ia  k  pasBHTHSo  jpeiunH  ot  KOHueHipauMM  Hanpa- 
JKGHMM  odbacnaeToa  raioKe  bbicokom  BaaKooTbio  paspy- 
UieHHB  B  CpaBHGIIMM  0  6eMHMTHblMM  M  Mapiei-ICMTHblMM 
cnaaeaMM.  Mco/ieAOBaHne  onaaBa  wapKM  10X6H8M7C 
noKaaaaM,  bto  npeAea  ero  TpeiuMHocTOMKocTu  anaan- 
TeabHo  npeebimaeT  stot  noKaaareab  MHCTpyMGHTanb- 
Hbix  CTaaeti  iwapox  5XHM  m  5XB2C.  HanaaBKa  cnaaeoM 
MapKM  10XBH8M7C  Bes  npeABapMTeabHoro  noAorpeoa 
pasAeanTeabiibix  LuiaMnoB  na  CTaaeii  MapoK  5XHM  m 
5XB2C  noKaaaaa,  bto  pasBMTMe  ocTaTOBHwx  Hanpaxe- 
HMM  cxaTMB  npeAOTBpau^eT  ofipaaoeanne  xoaoAHHx 
TpeiULMH.  TfiepAocTb,  BpeMeHHoe  conpoTMBaeMMe,  otho- 
cMTGAbHoe  yABUHeuMe  HaruiaBBGHHoro  MeTaaaa  {ciape- 
Hue  823  K;  2,5  m)  coxpaHUjincb  nocToanHUMH  b  MHTep- 
Bane  anaBenMM  noroHHofi  snepruH  3...  15  Kflx/cM, 
TaKMM  o6pa30M,  npMMGHGiiMe  AyroBoil  Han/iaBKn  c  nc- 
riojibaoBani'ieivi  odGCTO'ieHHOM  npMcaAKM  MapTencMT- 
HO-crapGioiuMMM  cn/iasaMM  nosBoaneT  3HaHineabH0 
noBbicMTb  AoaroBGHHocTb  M  HaAexHocTb  HanaaBaae- 
Mbix  AeTaaeii,  cHuaMTb  npM  stom  yAeabiibie  pacxoAU 
HariaaeoHHbix  MarepMaaoB  m  aaeicrpoaHepruM,  aajpaTbi 
na  o6pa6oTKy  nanaanaaeMbix  ASTaaefi  m  yaaos. 

APrOHO-AVrOBA  OBPOBKA  BE3  niAn/lA8/1J=HHn 
3BAPHHX  3’eflHAHb  CXMJlbHMX  flO  SArAPTV- 
BAHH9  CTA/IEM.  B.  M.  Ky/iMK,  M.  M.  CaotinhKiiri,  R.  P. 
HoBiKOBa,  B.  r.  Baci/iJiheB,  P.  M.  ropflanb  (Ih-t  eneicr- 
po3BapioBaHnn  i’m.  B.  O.  PlaTOHa,  m.  Kam,  yKpahia).  flaa 
noainiiiGHHa  xapaxiGpucTHK  nnacTMaHoca  aa  nlABMiAen- 
HB  TpilUMHOCTiMKOCTi  SBapHMX  3’eAHaHb  CiaaGM,  UJ.0  3a- 
rapTOByioTbca,  BMKOnyioTb  nicaaseapionaabHi  BiAnycxM 
3BapnMX  BMpo6iB.  Hg  noTpG6ye  anaanux  agastkobhx 
BMTpaT  GHeprl'i,  a  Taxox  hg  aanxAn  MoxaiiEe,  oco6aMBo 
A/ia  BeaMKoraSapMTHMX  KOHCTpyKHiti. 

SanponoHOBaHO  npMHUMnosy  TexHoaoriKi  MicuGBOi'Ay- 
roBo’i  o6po6KM  asapuMX  3’eAnanb  6e3  niAnaasaeRHa. 
A/ia  HbOrC)  BMB'IGHOTepMlMHi  AM  Kan  o6po6kH  3  piSHUMM 
aiBMAKOCTBMM,  BMKOHaHn  MGTaaorpaCpiHHi,  AMaaTOMGT- 
pMRHi,  4->paxTorpa<t>iaHi  AocaiAxeRHa  la  MexaHi'HHi  BMn- 
pofiyoauRB  3BapHMX3'eAMaMbOTaai  Mapxn  SOXHCAtob- 
lAMHOlO  3  MM.  BCTaHOeaGHO,  U40  npn  36iabU,IGRRt  BJDMA- 
KOCTi  o6po6KM  Mpgp  3HMxyioTbCB  SHaMeHHB  TeMnGpaay- 
pn  HarpiBaHHB  s'eAnaub,  apocxae  plaHMua  Mix  ix  aM- 
AGBMMTa  SBOpOTHMM  6oKOM,  niABMLUyGTbCB  lilBUAXiCTb 
oxoaoAX<eHRB,  lAO  BMxaMKae  aarapTyBaHHB.  aaSea- 
nQ'IGRHfl  HG06xiAHO'l  TGMRGpaTypM  HarpiBaHHB  npM 
36labU,iGHHi  LUBMAXOCTi  o6po6KM  caiA  niABMlUySaTM 
CTpyM;  npn  nhoMy  noroRna  eHGpria,  a  BianoBiAHO,  i  bmt- 
paiM  eaetcrpoeiiepri'i,  SMeHiuywTbca. 
ripM  AyroBOMy  HarpiBanni  sBapHoro  3'eAHaHHa  ao  3Ha- 
MGHb  TGMnepaTypM  aycTeniaanii  b  sarapTOBaHOMy  niA 
Mac  38apionanHB  Meiaai  3  B-M  cxpyKTypoio  BiA^yBa- 
WTiiCa  Taxi  nepeTBopei-iHB: 

•  noBTopHG  aarapTyBaHHB  Mexaaay  no  BciM  TOBLUMni  3 
yTBopGiamM  crpyKTypn  Tuny  noMaTKOBo'i  npn  - 
=  4,5... 6,0  M/roAl 

•  noBTopHG  aarapTy'BanHa  y  BepxHiM  ra  HenoBue  sarap- 

lyBaHHB  MGTany  b  hmx<hIm  aacTMuax  a'eAHaHna  npn 
%6p  =  m/poa: 

•  noBTopHG  sarapTyBanHB  b  uiapax  Mexa/iy,  u^o  npMiiM- 
raioTb  AO  JiM’aeBo'i  nooepxHi,  ra  BiAnycK  y  pemra 


_ WELDED  STRUCTURES 

hness,  compared  to  beiniteand  martensite  alloys.  Study 
of  10Kh6N8M7S  grade  alloy  revealed  that  its  cracking 
resistance  limit  is  much  higher  than  this  value  for  tool 
steels  of  5KhNM  and  5KhV2S  grades.  Surfacing  of  she¬ 
aring  dies  of  5KhNM  and  5KhV2S  grade  steels  with 
10Kh6N8M7S  grade  alloy,  without  preheating  demon¬ 
strated  that  development  of  residual  compressive  stres¬ 
ses  prevents  cold  cracking.  The  hardness,  ultimate 
strength,  relative  elongation  of  the  deposited  metal 
(ageing  at  823  K,  2.5  h)  remained  constant  in  the  range 
of  heat  input  values  of  3-15  kJ/cm. 

Thus,  application  of  arc  surfacing  with  maraging  alloys 
Lbsing  a  filler  without  current  permits  an  essential  impro¬ 
vement  of  the  fatigue  life  and  reliability  of  the  surfaced 
parts,  v^'hile  lowering  the  specific  consumption  of  sur¬ 
facing  consumables  and  power,  as  well  as  the  cost  of 
treatment  of  the  surfaced  part.s  and  components. 


;  ARGON  -ARC  TREATMENT  WITHOUT  PARTSAL  MEL- 
I  TING  OF  WES.DED  JOINTS  MADE  OF  QUENCHING 
STEELS.  V.M.Kulik,  M.M. Savitsky,  D.P.  Novikova, 
V.G.Vasilyev,  G.M.Gordan  (The  E.O. Baton  Electric  Wel¬ 
ding  Institute,  Kiev,  Ukraine).  Post-weld  tempering  of 
weldments  is  performed  to  improve  the  ductility  pro¬ 
perties  and  crack  resistance  of  welded  joints  of  quen¬ 
ching  steels.  This  requires  considerable  additional  ener¬ 
gy  consumption,  and,  besides,  is  not  alway.s  po.ssible, 
especially  for  large-sized  structures. 

A  basic  technology  of  local  arc  treatment  of  welded 
joints  without  partial  melting  has  been  proposed.  For 
this  purpose  the  thermal  cycles  of  treatment  at  different 
speeds  have  been  studied,  metallographic,  dylatomet- 
ric,  fractographic  studies  and  mechanical  testing  of  wel¬ 
ded  joints  of  30KhGSA  steel  3  mm  thick  have  been 
performed.  It  is  found  that  an  increase  in  the  treatment 
speed  results  in  lowering  of  the  joint  heating  tempe¬ 
rature,  greater  difference  between  their  face  and  reverse 
side,  increaseintheircooling  rate,  this  leading  to  quenching. 
In  order  to  achieve  the  required  temperature  of  heating  with 
!  the  increase  of  the  treatment  speed,  it  is  necessary  to 
I  increase  the  current;  the  heat  input  and  the  power  con¬ 
sumption,  respectively,  are  reduced  in  this  case. 

In  arc  heating  of  a  welded  joint  up  to  the  values  of 
austenitization  temperature,  the  following  transformati¬ 
ons  proceed  in  the  metal  w'ith  a  bainite  -martensite  struc¬ 
ture  quenched  during  welding  : 

I  •  repeated  quenching  of  the  metal  across  the  entire 
I  thickness  with  formation  of  the  structure  of  the  type  of 
:  the  initial  structure  at  =  4. 5-6.0  m/h; 

•  repeated  quenching  in  the  upper  and  incomplete  qu¬ 
enching  of  the  metal  in  the  lov/er  parts  of  the  joint  at 
v,^=  12-16  m/h; 

•  repealed  quenching  in  the  metal  layers  adjacent  to 
the  face  surface  and  tempering  of  the  rest  of  the  joint 
at  V,,,  =  37  m/h.  Metal  quenching  without  partial  melting 
at  80  m/h  and  higher  treatment  speed  is  difficult,  which 
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3'eflnaHHn  npn  v^gp  =  37  M/rofl,  SarapTyBanHq  Mexaiiy  j 
6e3  nifln;iaB/ieHHf!  npn  lUBMflKocTi  o6po6km  80  M/roA 
ra  BMipe  yrpyAHDue,  ujo  ayMoa/iKse  sAificHeHHB  nepe- 
BaxHO  KopoTKOMacHoro  BiAnycKy. 
ripn  noBTopHowy  sarapTyeaHHi  AocaraioTb  noApiSHeH- 
HB  MiKpooTpytcrypn,  aweHiueHHB  posMipy  aycTeHiiHoro 
aepua,  36mbiijeKHB  KiAbKocxi  nAacTMMHUX  6efiHiTy  ra 
aaAMUJKOBoro  aycTeHixy  b  Mexaai  a  B-M  cxpyKxypoi-o. 
3a0A«KM  ubOMy,  a  xaKo>K  KopoxxonacnoMy  BiAnycxy 
3HM)Kyexbcsi  XBepAicxb  wexaAy  3’eAHaHHB,  niAsn- 
myexbCB  yAapaa  B’BakicTb,  noainujyexbcn  xapaKxep 
pywHyBanHB,  sHiixcyexbca  MyrjiiiBicxb  ao  xoHueHxpa- 
xopiB  nanpyxGHb.  HosuxuBMuri  etj^exx  o6po6oK  apoc- 
xae  npM  sOiAboieHni  ix  Kpamocxi. 

Hoaa  lexHOAoriR  nicAsiasapioBajibHoi  MicpeBo'i  o6po6- 
m  He  noxpeOye  cneniaaiaoBaHoro  o6AaAHaHHB,  bhko- 
HyexbCH  Ha  xoMy  >k  oOaaAHaHHi,  140  i  aBapronaHHB,  He 
ycxiiaAHtoe  xexHO/ioriMHHH  npopec  EHpoBuMUXBa  ssap- 
HMX  KOHCxpyKniCi.  Micuesa  Ayroea  o6po6Ka  —  Ha  no- 
pPAOK  MGHUJ  eneproBMxpaxHa  3a  niHHy. 

HEM3BE>fCHbtX  BHVTPEHHMX  flE<J>EK- 
TOB  HA  COnPOTMB/lEHME  PASPVIUEHMHD  CBAP- 
HblX  COEflMHEHMp!  BblCOKOnPOHHblX  A;1K3M!/!  ■ 
HMEBbIX  Cn/IABOB.  T.  M.  Jla6yp,  A.  H,  Mmenm  (Mh-t 
eneKTpocBapKi^  hm.  E.  O.  PlaroHa,  r.KneB,  Yicpamia).  \ 
McOAGAOBaHO  BAMHHHG  HeCnAOUJHOCXeH  B  BHAS  eAM" 
HMHHblX  QHyXpeHHHX  ABCtseXXOB  B  CBapHbIX  COeAHHeHHBX 

BbicoKonpom-ihix  a/itoMMUMeBbix  cnaaeoB  MapoK  1420  v\ 
1460.  ycxaHOB.neH  xapaxxep  HSMSHennE  MexaHHHecKi/ix 
CBOilcxB  (cT^,  8,  xy)  H  conpoxHBAeHMB  paapyuieHHK)  (o^, 
yPPT)  B  aaSHCHMOCXM  ox  HanHHMH  M  OXHOCHXejIbHblX 
pasMepoB  xaKHx  AectxeKXOB,  xax  nopbi  hah  bkxhohghhh 
okchahoh  nAGHhi.  rioKasaHo,  Hxo  GAHHHHHaB  nopa,  cok- 
painatouyaa  nAoupaAfa  ceseHnA  oOpaaua  He  6oAee  mbm 
na  5  %,  He  oxasbiBaex  cymecxBeHHoro  bahbkhb  na  spe- 
MeHHoe  conpoxHBAeHHe  h  HOMHuanbHoe  paspyiiia- 
lou^ee  HanpFi>KeHHe  0^.  noKasaxe.nn  nAacxHHHooxH  (5, 

V(/)  M  BA3K0CXH  (VPPT)  npM  3X0M  yMeHbUJaiOTCB  Ha 

10.. .  15  %  no  cpaBHeuHto  co  ceapiibiMH  coeAHnenHAMH 
6e3  AecfjeKxoB.  HaanMne  BKAioHeHWH  okcmahoh  naeKbi 
npH  xex  xe  oxHOCHxeabHbix  pasMepax,  hxo  h  nopu, 
6onee  aawexHo  cHHxaex  noxasaxeaH  MexaHHHeoKHX 
xaparrepHCXHK  ujbob,  ocoOemio  conpoxHEaeHHB  paa- 
pyiueHHio.  yeeaHweHHe  pasMepa  yKasaHHbix  AsctieKXOB 
AO  8  %  ox  naoiuaAH  oexeiiHa  oOpasupe  npHBOAHX  k 
CHHJxeHHio  npoHHocxH  H  HOMHuaAbHoro  paspyiiiaioiue- 
ro  HanpaxeiiHB  na  15. ..20  %  b  caynae  nopu  h  na 

30. . .50  %  npH  Haaw'HHH  BKaroaeHHM  okchahoh  naeHbi. 
riaacxMMHOcxb  h  BBSKOcxb  ywenbiuaioxcH  b  1,5  hah  2,0 
paaa  b  saBHCHMocxM  ox  xnna  AettxeKxa  (nopbi  hah  ok- 
CMAHbie  BKAtoHeHHFi).  PesyAbxaxbi  HccaeAOBaHHB  no- 
KaaaaH,  hxo  npn  ycxanoBaeHMH  AonycxHMoro  ypoBHH 
AetpexxoB  B  peaabHbix  ceapubix  coeAHHeHHBX  neoSxo- 
AHMO  yHHTbieaXb  He  XOabKO  HX  KOAHHeCXBO  H  OTHOOH- 
xeatiHyio  npoTP>KeHHOCTb,  ho  m  xwn. 

I 

nPM/!0>KEHMIE  TEOPilM  HEHETKHX  IVJHOX<ECTB  K  ; 
BOnPOCAMCBAPKH.  3.6.  Jla3apcoH(r oc.  rexH.  yn-T  \ 
r.  flepMh,  P0}.  HcnoAbSOBatiHe  HoBoro  Haymioro  Han- 
paBASHHA  ~  XeopHH  HeHGTKHX  MHOXeCXB  (THM)  — 
HMeex  6oabUiHe  nepcnexxHBbi.  flaHHaa  xeopuB  nosBO- 
aaex  ({jopMaabHO  onHCbiBaxb  odtexxhi  h  aBaeuMB,  ko- 
xopbie  HacTOAbKO  CAO>KHbi  HAM  HeKoppsKXHO  onpeAe- 
aeHbi,  HXO  He  noAAaioTCB  onncaHHio  e  o6u.ienpHHaxbix 
KOAHHecxBeHHbix  xepMHHax.  Onbix  Kacj)eAPbi  CD  flepM- 


results  in  performance  of  predominantly  a  short-time 
tempering. 

Mlctro-structure  refinement,  reduction  of  the  austenite 
grain  size,  increase  of  the  amount  of  ductile  beinite  and 
re.sidual  austenite  in  the  metal  with  beinite-martensite 
structure  are  achieved  in  repeated  quenching.  This,  as 
well  as  short-time  tempering,  results  in  a  lower  hardness 
of  the  joint  metal,  higher  impact  toughness,  more  favo¬ 
urable  fracture  mode,  and  lower  sensitivity  to  stress 
raisers.  The  positive  effect  of  treatments  increases  with 
their  number. 

The  new  technology  of  post-weld  local  treatment  does 
not  require  any  specialised  equipment,  is  performed  in 
the  same  equipment  as  welding,  and  does  not  make 
the  technology  of  this  structure  fabrication  any  more 
complex.  The  local  arc  treatment  involves  an  order  of 
magnitude  smaller  power  consumption,  than  furnace 
treatment. 


EFFECT  OF  INEVITABLE  INNER  DEFECTS  ON  THE 
FRACTURE  RESISTANCE  OF  HIGH-STRENGTH  ALU¬ 
MINIUM  ALLOY  WELDED  JOINTS,  T.M.Lahur, 
A.Ya. Ishchenko  (The  E.O.Paton  Electric  Welding  Insti¬ 
tute,  Kiev,  Ukraine).  The  influence  of  discontinuities  in 
the  form  of  individual  inner  defects  in  welded  joints  of 
high-strength  aluminium  alloys  of  1 420  and  1460  grades 
was  studied.  The  nature  of  the  change  of  the  mechanical 
properties  (c^,  8,  qj)  and  fracture  resistance  (cr,,  SECP), 
depending  on  the  presence  and  relative  dimensions  of 
such  defects  as  pores  or  oxide  film  inclusions,  was  es¬ 
tablished.  It  is  shown  that  a  solitary  pore  reducing  the 
sample  cross-sectional  area  by  not  more  than  5  %,  does 
not  make  an  essential  influence  on  the  ultimate  vStrength 
(g,)  or  nominal  breaking  stress  (a^).  The  values  of  duc¬ 
tility  (8,  q;)  and  toughness  (SECP)  in  this  case  are  redu¬ 
ced  by  1 0  to  1 5  %  compared  to  the  sound  welded  joints. 
The  presence  of  oxide  film  inclusions  of  the  same  rela¬ 
tive  dimensions  as  those  of  the  pores,  more  noticeably 
reduces  the  values  of  the  mechanical  characteristics  of 
the  welds,  especially  fracture  resistance.  Increase  of 
the  mentioned  defect  size  up  to  8  %  of  the  sample 
cross-sectional  areas,  lov/ers  the  strength  and  the  no¬ 
minal  breaking  stress  by  15  to  20  %  in  the  case  of  a 
pore  and  by  30-60  %  in  the  presence  of  oxide  film  in¬ 
clusions.  The  ductility  and  toughness  are  reduced  1.5 
to  2.0  times,  depending  on  tlie  defect  type  (pores  or 
oxide  inclusions).  The  investigation  results  showed  that 
when  the  admissible  level  of  defects  in  the  actual  welded 
joints  is  determined,  it'is  necessary  to  take  into  account 
not  only  their  number  and  relative  length,  but  also  the 
defect  type, 


APPLICATION  OF  THE  THEORY  OF  FUZZY  SETS  TO 
THE  PROBLEMS  OF  WELDING.  E.V.Lazarson  (State 
Techn.  Univ.,  Perm,  Russia).  Application  of  the  new  sci¬ 
entific  field,  namely  fuzzy-set  theory  (FST)  is  highly  pro¬ 
mising.  This  theory  permits  a  formal  description  of  the 
objects  and  phenomena  which  are  so  complex  or  incor¬ 
rectly  defined  that  they  do  not  lend  themselves  to  desc¬ 
ription  by  the  universally  accepted  quantitative  terms.  The 
experience  of  WP  Chair  of  Perm  STU  permits  regarding 
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C  BA  PH  hi E  KOH  C  TPyK^I^K . . . 

nry  flaer  ocHOBamie  CMHTatb  aicryajihHhiMM  c;ieflyK3aii-ie 
o6;iacTM  npn/ioxeiinfi  THM  k  BonpocaM  cBapKW. 
.0opManM3au,i^a  3nannTi.  SHaHMB  b  o6BacTM  TeopMH  m 
TexHoaonin  ccapKn  uMeioT  npeHMyinecTBeHHo  onuca- 
TejibHbiw  xapaKiep.  HanpMMep,  b  6oBbtunHC7Be  cnpa- 

BOHHMKOB  DO  CBapKO  OCHOBtloe  MGCTO  aailMMaeT  TeKC- 

TOBbiM  MarepnaB.  06(HGnpi'iHBTb(MM  y  cBapmHKoe  bb- 

J1BIOTCB  nOHBTMB  "BblCOKaH  CKJIOHHOCTb  K  o6pa30BaHMlO 
TpeinMH»,  «Manaq  noroHHaq  aaepruB  CBapKH»,  «tohkmh 
MeraJia"  m  t.  n.,  oraMMaicinnecB  xonuMecTBCHHoii  He- 
onpGflGaeHMocTbio. 

flaq  t})opMajiwaauMM  no^oGHbix  BhicKaabiBaHUH  b  THM 
nononbayioTCB  GaaoBbie  noHsmiB  «annrBHCTi/mecKafi 
nepeMeHHaq»,  «ne4eTK0G  MHO>KecTBo»  m  nponsBOflHbie 
OT  MUX  — «HOMGTKaq  nepeMoiiiiaH”,  «HebeTKoe  oTHOiue- 
Hne»,  «TepM-MHO>KeCTBO>'  H  AP-  C  nOMOlUbKI  9KCnepT- 
Hbix  onenoK  HeaeTKne  noHaina  u  oxHomenHq  ecxecr- 
BeHHoro  qabixa  saMeMBiOTCB  HeMerKHMn  noAMHOXcecr- 
BaMM,  KOTOpiilMM  MO>KMO  onopiipOBaTb  KaK  HeKOTOpblMl^ 
MaTGMaTHMecxMMU  oGberraMii. 

Moj[[eniiipoBiiHuip.  npooKTHbix safla-i  n  npopeccoB  csap- 
Kvf.  C;io>KHOCTb  MOARBupoBaMMq  aaaacTyio  cRBaana  c 
HeonpOAGARI-IHOCTblO  V>  HGTObHOOTbro  oTiioiiienufi  Mex- 
AV  BXOAHbiMM  M  DbixoAHbiMH  napaMexpaMM  moashm. 
HanpuMep,  npn  BbiGope  cnoooGa  cRapKi'i  oahum  ms 
(t)axxopoB  BBaaexcq  xoauiMHa  csapuBaeMoro  Mexaaaa. 
OAnaKo  HeBosMOXcHoxoaHoyKaaaxb,  pim  KaxMX  mmsuho 
xoaiiiMH  Mox<Ho  npMMGiiqxb xox  wan  whow  cnocoG  csap- 
KM.  npw  nocxpoenwn  MOAeaew  ncicyccxBeHHoe  BseAG- 
Hwe  oABoana'iHocxn  Moxex  npwBoAwxb  k  mgxkwm,  ho 
HeaepHbiM  peayabxaxaM, 

MoAenw  npOAOxaBneHMO  aaAaa  Kaacca  BbiGopa  peuje- 
HMM  HaCTo  cxpoqx  Ha  ochobg  xaGjiwn  cooxneTcxBWW,  b 
Koxopbix  cooxBexcxBMB  yKaabiBaioxcB  c  noMoijj,bio  ana- 
MeHwii  Gyaesow  (tiyuKunw.  3xo  nopoxAaex  npoGaeMy 
HeoAHoaHaHHocxw  peiiienww,  renepwpyeMbixMOAeabio. 
Boaee  9tfi(t)GKTMBHbiMM  HRaqxncq  xaGawAW  cooxaexc- 
XBWW  CO  cxeneiiBMH  npwnaAae>KHooxH,  aaAaBaeMbiMw 
c  noMoiubio  tpyuKAWM  npwHaAaGXHOcxw. 

B  AeaoM  HRMexKne  moab/im  no  cpaBHonwio  c  oGbiaifbiMW 
oxaw'iaKixcq  Goabiuew  WH(})opMaxwBHooxbKj,  xohho- 

CXbKD  M  aAeKSaXHOCXbtO. 

Pa3pa6oTKa  anropmMOB  npnnamn  peuienm.  Plpw 
npMHBXHii  peuieHHW  HsoGxoAWMa  onxi/iMwaapna  oahob- 
pewenHO  no  HecKojibKMM  KpwxepnqM.  BbwaV  caoxHoc- 
xw  MOAeanpoBaHMsi  ashhom  npoixeAypti  BaBXOMaxwaw- 
pOBanHbix  CHCxeMax  ona  B  ochobhom  Boaaaraexcq  Ha 
HG/ionoKa,  HanpwMep,  b  CADP  THC  noribaoBaxGAb  bw- 
Gwpaex  M3  Monto  cnoooGbi  CBapKW,  ceapo'iHbie  waxe- 
pnaAbi,  oGopyAosaHwe  w  aP-.  t.  e.  bwGop  (paicxwHccKH 
npowaBOAMxcH  epyHHyio. 

C  noMoiAbHJ  HeMexKMX  a.nropMXMOB,  paapaGaxbiBaewbix 
no  THM,  yAaexoB  MOAe/iwpoBaxb  xaxwe  AeiioxBHO  msbo- 
Bexa,  Koxopbie  o  HaoxoBineo  epeMB  oxhocbx  k  nectjop- 
ManwayeMbiM.  Tom  caMi-iM  pacLunpRioxcB  bosmoxhooxm 
aBXOMaxMaauww  nponeAVP  npwHPXwq  peujeHwfi  b  caox;- 
Hbix  yoBOBnqx  MOAeBMpoBaHWB  w  npoeKXwpoBannB, 
CoBepweHCTBODaHi^e  aBTOtJtaTmupoBanHbix  cmctom.  B 
cBapoHHOM  npowaBOACTBo  wa  aDxoMaxwawpoBaHiibix 
CMCxeN/!  HawGo/ibiiiee  pacnpocxpanenwe  no/iynw/ii-! 
CAPIP  TPl  cnapKM.  K  HRAOcTaxKaMxaxwx  cwcxeM  moxho 
oxHecxw  cpaBHWxenbHO  hw3Kww  ypoeeHb  aBxowaxw- 
3au,MH  npooKXwpoBaHwq  ocuoBHhix  napaMexpoB  xexHo- 
xiorwH  (B  npeAO/iax  5. ..30  %)  h  hw.xkyio  nHrjjopMaxwn- 
Hocxb  Gaa  ahhiiwx. 

HoBbie  MexoAb!  cfiopMaAHaamiM  SHanMW,  nocxpoeHHB 


as  urgent  the  following  area.s  of  FST  application  to  wel¬ 
ding  problems: 

Knowledge  formalisation.  Knowledge  on  welding  thriory 
and  technology  mostly  is  of  a  descriptive  nature.  For 
instance,  in  the  majority  of  welding  manuals,  the  main 
;  place  is  taken  up  by  textual  material.  Such  notions  as 
;  "high  susceptibility  to  cracking",  “low  heat  input  in  wel- 
!  ding",  "thin  metal”,  etc.,  characterised  by  quantitative 
i  indeterminacy,  are  universally  recognised  by  welders. 
In  TSF  such  phrases  are  formalised  by  basin  concepts 
of  a  “iinguistic  variable",  "fuzzy  set"  and  their  derivati¬ 
ves,  namely  “fuzzy  variable",  “fuzzy  relation”,  “term 
set",  etc,  Expert  evaluations  are  used  to  replace  the 
vague  notions  and  relations  of  the  natural  language  by 
fuzzy  subsets  which  can  be  manipulated  as  some  mat¬ 
hematical  objects. 

Simulation  of  design  problems  and  welding  processes. 
The  simulation  complexity  is  often  related  to  indetermi¬ 
nacy  and  inaccuracy  of  the  relatirjns  of  the  input  and 
output  parameters  of  the  model.  For  instance,  the  thic¬ 
kness  of  the  metal  to  be  welded  is  one  of  the  factors  in 
selection  of  a  welding  process.  If  is,  however,  impossible 
to  precisely  indicate  for  which  thicknesses  a  particular 
welding  process  can  be  used.  In  model  construction  an 
artificial  introduction  of  uniqueness  can  lead  to  definite 
!  but  incorrect  results. 

\  Models  representing  problems  of  solution  selection 
class  are  often  constructed  on  the  basis  of  the  tables 
of  correspondence  in  v/hich  the  correspondence  is  in¬ 
dicated  by  Boolean  function  values.  This  gives  rise  to 
the  problem  of  ambiguity  of  the  solutions  generated  by 
the  model.  Correspondence  tables  with  grades  of  mem¬ 
bership,  a.ssigned  fhrough  membership  functions,  are 
more  effective. 

On  the  whole,  the  fuzzy  models  are  characterised  by 
greater  information  content,  accuracy  and  adequacy, 
compared  to  the  regular  ones. 

Development  of  the  decision-making  algorithms.  Deci¬ 
sion  taking  requires  optimisation  by  several  criteria  si¬ 
multaneously.  in  view  of  the  complexity  of  simulation  of 
this  proceduro  in  automated  systems,  it  is  mostly  dele¬ 
gated  to  man.  For  instance,  in  FST  CAD  the  user  selects 
from  the  menu  the  welding  processes,  welding  consu¬ 
mables,  equipment,  etc.,  i.e.  selection  is  practically  per- 
i  formed  manually. 

i  Fuzzy  algorithms  developed  by  FST,  permit  simulation 
I  of  such  actions  of  man  which  are  currently  regarded  to 
be  unformalisable.  This  offers  wider  pos.sibilities  of  auto¬ 
mation  of  the  decision  taking  procedures  under  the 
complicated  conditions  of  simulation  and  design, 
Imiprovement  of  automated  systems.  Among  automated 
systems,  welding  technology  CAD  (WT  CA,D)  systems 
!  became  the  most  widely  accepted  in  welding  produc¬ 
tion.  A  comparatively  lov/  level  of  automation  of  the  main 
technological  parameters  design  (in  the  range  of  5-30  %) 
and  low  information  content  of  the  data  bases  can  be 
regarded  as  tlie  disadvantages  of  such  sy,stems. 

New  methods  of  knowledge  formalising,  model  and  al¬ 
gorithm  con.struction  change  the  traditional  principles 
of  development  of  WT  CAD  systems  and  bring  them 
under  the  category  of  intellectual  .systems. 

For  welding  experts  the  most  important  are  the  applied 
aspects  of  FST.  Their  mastering  is  regarded  to  be  an 
urgent  task,  as  it  permits  increasing  the  effectiveness 
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CBAPHblE  KOHCTPYKliMM 
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MOAS-neii  M  a;iropMTMOB  weHniOTTpaflmJiMOHHbie  npuH- 
LtMDbi  pa3pa6oTKM  CAFIP  TflC,  nepeBOflar  ux  b  paapafl 
MHTe/ineicryaabHbtx  CMCTeM. 

flria  cnenMaancTOB-CBapiuMKOB  Han6oaee  Baxcubi  npnx- 
AaAHbie  acneKTbi  THM.  Mx  ocBOSHMe  npeacTaB/iBeTCB 
axTyajibHoi^  aaflaBefi,  nocKoabxy  noaBOBBei  noBbicwTb 
3(})iieicraBH0CTb  M  yposenb  aBTowaTnaamin  HccaenoBa- 
TeJibCKMX  M  npoexTHbix  pa6oT  b  o6jiacTM  CBapKU. 

nPOKATHO-CBAPHblE  3/1EMEHTbl  rWflPO- 
TEXHMHECKOrO  CTPOMTEJlbCTBA  HA  TPAHC- 
nOPTHblX  M  nPOMbIC/lOBbIX  OBbEKTAX.  B.  K. 

J]e6eAeB,  K).  M.  RaopcKm,  D.  A.  meneri/moB  (Uh-t 
BfieKTpocBapKM  MM.  E.  O.  riaTOHa,  r.KHBB,  yKpaMHa). 
rioKaaaHbi  ujnyHTOBwe  sjieMeHTbi,  Koropbie  Moryr  mc- 
no/ibaosaTbCB  fyiB  paajiMBHbix  orpax<fleHMCi,  6eperoyK- 
perxnBioLUMX  KoncTpyKnnCi,  lunyHTOBbix  cTeH-6oabBep- 
KOB,  yroriKOBbix  creHOK  co  csai^HbiMH  s/ieMeHTawn,  a 
TaiOKe  OCHOBaHMBMM  M  AP- 

B  6oabUJMHCTBe  c/iynaeB  npuBanbHbie  coopyxeHna  npGAc- 
TaanBioT  co6om  yHUxanbHbie  cTpoMxeabHbie,  b  tom  hmcjib  m 
MGTan/iMMecKMe,  KOHCTpyKOnn,  yMMTbiBatoinne  BacTHbie 
rpyHTOBbie  ycaosun,  BoBHOBwe  m  BerpoBbie  HarpyaxM,  Har- 
pysKM  OT  HaBaaa  cyAoe  m  t.  n. 

Abb  oueHKM  acfictieKTMBHOCTM  Mcno/ibaosaHUB  weTanaa  b 
noAnopHbixcTeHxaxnpuMeHeH  noKa3aTeabyTMnM3ai.lMH  Ma- 
TepMaaa  W/g,  tag  W  —  MOMeHT  conpoTMBJieHHB  1  nor,  m 
cTeHKM,  CM  /nor.M;  g  —  Macca  1  m  LunyirroBOM  ctshkh,  xr. 
PaccMOTpeHbi  paaanBHbie  KOHCTpyKUHH  ujnyHTOBbix 
aaeMeHTOB  m  mx  cjaiMHecKMe  xapaicrepMCTMKM,  sKaio- 
MaB  aaMKOBbie  cosAMHeHMS,  noayBOHHbie  na  (pMSMMec- 
KMX  MOAeaax  motoaom  MacujTa6HOM  As4)opMaAMM. 
npMBSAeHbi  AaHHbie  o  npHMoneHMn  npoxaTHo-OBapHbix 
LunyHTOB  Tpy64aToro  npo(|)MaB  c  MoMeHiaMM  conpoTMBae- 
HMB  7...  19  TbIC.  CM^  /  1  nor.  M  CTGHKM,  OCHaLU.eHHbie  33- 
meivi/iBioLAMMMCB  aaMxaMM,  mto  noaBoaseT  coKpaxuTb  cpo- 
KMCTpoMTeabCTBanpuHaaoBB  1 ,5...2,Opa3anocpaBHeHMio 
CO  liinyHTaMM  aPVCmx  bmaob  aa  chst  yMeHbUJBHMB  TpyAO- 
saxpaT,  a  bo  MHorMX  cayHaax  noHXM  b  2  paaa  noBbicMXb 
3ct)^eKXM0Hocxb  McnoabaoBaHMB  npoxaxa.  BaaroAapfi  sxo- 
My  OXKpblBaeXCB  BOSMOXCHOCXb  AAfl  yBeaMHeHMB  o6beMOB 
cTpoMxeabcxBa  m3  oahopo  m  xoro  xe  KoaMMOcxDa  cxaan. 
BosBeAGHMe  xoHcxpyKUMM  M3  paspaSoxaHHbix  b  M3C 
MM.  E.  O.  naxoHa  npoxaxHO-cBapHbix  saeMeaxoB  no3- 
BoaaexcHMxaxbyAeabHyro  ce6eGXOMMOcxbcxpoMxeab- 
cxsa  nopxoBbix  rMApoxexHMMecKMX  coopyxeHUM.  3xo 
HaiAao  npaxxMHecKoe  noAxsepxAeHMe  npM  cxpoMxeab- 
cxse  npMBaaoB  b  nopxax  TeMptox  m  Emck. 

HCC71EAOBAHME  B/IHflHHq  nPEABAPMTE/lbHO- 

ro  ynpyroro  pactsi>kehm5i  cbaphom  ctpmh- 
rEPHOii  OBOnOHKM  M3  cn/lABA  AMr6Hnn  HA  EE 
HAHPSDKEHHO-AEOOPMMPOBAHHOE  coctob- 
HME,  77.  M.  /lo6aHOB,  B.  M.  RaBnoBCKm,  H.  A.  nauj,m, 
B.  B.  JlbicaK  (Uh-t  a/ieKjpocBapKH  mm.  E.  O.  namna, 
r.Ki/iBB,  yKpama).  KpynHora6apMTHbie  xoHXOcxenHbie 
CBapHbie  oSoaoHXM  M3  aax5MMHMeBbix  cnaaBOB  HaxoABX 
liiMpoxoe  npMMeHSHne  b  aapoxocMMHecxoM  xexHMxe.  Vc- 
aoBMB  sxcnayaxanMM  AawHbix  xoncxpyxAMM  npeAbssaB- 
X>X  BbICOXMG  XpeSoBaHMB  X  XOHHOCXM  MX  M3rOXOBaeHMB. 
3x0  xpeSyex  pa3pa6oxxM  MeponpMSXMM  no  mmhmmm- 
aauMM  OTxaoHGHMM  ox  3aAaMHbix  reoMexpMMecKMX  paa- 
MepoB  M3AeaMM,  BbiasaHHbix  yxopoMeHMBMM  ox  CBapxn. 
B  xaMBCxee  o6t)eKTa  MCcaeAOBaHMB  Bbi6paHa  xohxoc- 
xeHHaB  oSenaMxa  m3  BwcoxonpoMHoro  aax)MMHM6Boro 
cruiasa  MapxM  AMrSHnn  AMawexpoM  3800  mm,  bwcoxom 
2400  MM  M  xoaaiMHofi  ctshxm  5  mm.  B  npouecce  Msro- 


and  level  of  automation  of  the  research  and  design  work 
in  the  field  of  welding. 


ROLLED-WELDED  ELEMENTS  FOR  WATER-ENGI¬ 
NEERING  WORKS  IN  TRANSPORTATION  AND  IN¬ 
DUSTRIAL  FACILITIES.  V.Klebedev,  Yu.D.Yavorsky, 
P.A.Shchepetinov  (The  E.O.Paton  Electric  Welding  In¬ 
stitute,  Kiev,  Ukraine).  Sheet  piles  are  presented  which 
can  be  used  for  various  enclosures,  bank  consolidation 
structures,  sheet  piling  bulwark  walls,  corner  walls  with 
pile  elements,  as  well  as  foundations,  etc. 

In  the  majority  of  cases  wharf  constructions  are  unique 
building,  in  particular  metal  structures,  allowing  forspe- 
cific  soil  conditions,  wave  and  wind  loads,  loads  from 
ship  bulk,  etc. 

Material  utilisation  factor  W/g,  where  W  is  the  gioment  of 
resistance  of  one  linear  meter  of  the  wall,  cm  /linear  m, 
g  is  the  weight  of  1  m^  of  the  sheet  piling,  kg,  was  used 
to  evaluate  the  effectiveness  of  metal  utilisation  in  the 
supporting  walls, 

Various  sheet  pile  designs  and  their  static  charac¬ 
teristics  including  clamp  joints  are  considered,  which 
were  derived  from  physical  models  by  the  scale  defor¬ 
mation  method. 

Data  are  given  on  application  of  rolled-welded  sheet 
piles  of  a  tubular  profile  with  moments  of  resistance  of 
7...  19000  cm^  per  1  linear  meter  of  the  wall,  fitted  with 
pinch  clamp  joints,  which  allows  the  period  of  the  wharf 
construction  to  be  reduced  1 .5  to  2.0  times  compared 
to  other  kinds  of  sheet  piles,  due  to  reduction  of  labour 
consumption,  and  in  many  cases  increase  the  effecti¬ 
veness  of  the  rolled  stock  utilisation  almost  2  times.  This 
opens  up  the  possibility  of  increasing  the  volume  of 
construction  from  one  and  the  same  quantity  ofsteel. 
Erection  of  structures  from  rolled-welded  elements  de¬ 
veloped  in  the  E.O.Paton  Electric  Welding  Institute  per¬ 
mits  reduction  of  the  specific  cost  of  construction  of  the 
port  water  works.  This  has  been  confirmed  in  practice 
in  construction  of  wharves  in  Temryuk  and  Eisk  ports. 


INVESTIGATION  OF  THE  EFFECT  OF  ELASTIC  PRE¬ 
TENSION  OF  A  WELDED  STRINGER  SHELL  OF 
AMgSNPP  ALLOY  ON  ITS  STRESSED-STRAINED 
STATE.  L.M. Lobanov,  V.l. Pavlovsky,  N.A.Pashchin, 
V.V.Lysak  (The  E.O.Paton  Electric  Welding  Institute, 
Kiev,  Ukraine).  Large-sized  thin-walled  welded  shells  of 
aluminium  alloys  are  finding  wide  application  in  aeros¬ 
pace  engineering.  The  service  conditions  of  these  struc¬ 
tures  make  high  requirements  of  the  accuracy  of  their 
fabrication .  This  necessitates  development  of  measures 
to  minimise  the  deviations  from  the  specified  geomet¬ 
rical  dimensions  of  the  items,  due  to  welding  shrinkage. 
A  thin-walled  shell  of  a  high-strength  aluminium  alloy  of 
AMgSNPP  grade  of  3800  mm  diameter,  2400  mm  height 
with  5  mm  wall  thickness  was  selected  as  the  object  of 
investigations.  During  the  structure  fabrication  72  stif- 
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TOB;ieHi'iFi  KOHOTpyKHUM  K  o6eMaiAKe  c  BiiyipewieM  cto- 
poHbt  El  npoflOBbHOM  EianpaejneHi-tM  sjieicrpoiiHbiM  /ly- 
40M  npunapuBa/iM  72  pe6pa  )KecTKOcTM  (cTpunrepbi) 
paaMepaMM  5X500X2400  mm  TaK»:e  H3  on/iasa  MapKM 
AMr6Hnn.  PaccTOBHue  mexav  pe6paMH  (tiinapiTO)  aa- 
flasaAM  paBHbiM  170  mm.  Pe>KMM  CBapKn:  ycKopaiouiee 
HanpEDKeHne  60  kB,  tok  cBapKn  50  mA,  tok  ({joKycupoB- 
KM  700  MA,  CKOpOCTb  CBapKM  41  M/'b 
K  cTppurepHbiM  o6onaMKaM  npeAbsionfiioT  BbicoKne  rpe- 
GoEtauMB  noTOMHOGTM  MsroTOBAeHHB.  TaK,  iianpuMep,  MaK- 
CMMaAbHbiM  nporp6  b  gone  xaspoBoro  coeanHeHMB  floB- 
JKGM  COCTaBflBTb  HG  SoAfJG  1 ,5  MM  Ha  noroHHblPl  Meip  UJBa. 
VCAOBHB  SKCnAyaTaHMH  HSfleBHB  flHKT/IOT  HSOOXOAH- 
MocTb  paapaOoTKM  TexHOAornM  ero  naroToBBeHHfi  c 
yneTOM  ncnonbaoBaHMB  npMeMoe  cHMxeHMB  ocTaxoM- 
Horo  KopoSaeMHB  kbk  cBapubix  coeAMHeHHil,  xax  h  o6o- 

AOMKM  B  MSAOM. 

B  KaHGcxBG  MeponpunxHH  no  o6ecne4eHiiio  aapanHon 
XOHHOCXP  XOHKOCXeHHbIX  o6oA04GK  npUMeUBAH  KOHpeH- 
XpnpoBaHHbie  MCX04HMKM  CBapOBHOfO  HaXpeBa  (aASKX- 
poHHbiM  Aya)  B  coMexanMM  c  npeABapnxeAbHbiM  ynpyrwM 
pacxf)>KeHMeM  coCnpaeMbix  noA  CBapxy  aaeMeuxoB. 
Abb  peaPMaamiM  npcABapiixeAbHoro  ynpyroro  pacxB- 
xeHHB  aneMeuxoB  oOoaohkh  cosash  cneunaAH3npo- 
BaHHhifi  creHA,  noanoABiouiMM  nponaBOAHTt.  cOopKy, 

npeABapHxeahHoe  pacxpxeHMe  m  sAGKxpoHHO-AyHe- 
Byio  CBapxy  KpynHoraOapnxHMX  naHeabHhix  h  o6ono- 
aeHHbix  KOHCxpyKUnti  m3  asxkmx  cnaasoB. 
MccAGAonaHO  bambhhg  npGABapHxeAbHoro  ynpyroro 
pacxBxeHun  Ha  HanpBXGHHO-Ae<t>opMnpoBaHHoe  coc- 
xofiHMe  opeOpeHHoCI  oOeaaHKH  wa  BhicoKonposHoro 
aAioMMHMeBoro  cnAasa  MapxM  AMr6Hnn  b  npopecce 
ee  MaroxoBAeHHB  cnoooOoM  aAeicxpoiiHo-AyHeBoii 
CBapKM.  Ocxaxo'iHbie  cJiopMOMStvieHeHUf!  oOexaPiKH  on- 
pGAGABAM  no  MaMeneHMio  reoMexpuaecKiix  xapaKxe- 
pMoxHK  M  xeoxKOGXH  KOHCxpyKHHH  B  pesyAbxaxe  noG- 
AGAOBaxeAbHoil  npHBapKM  cxpHHrepoB,  no  napaMsx- 
paM  npeABapHxeAbHoro  BHeueuxpoBoro  pacxBxeHHfi 
yqacxKOB  noBepxHocxw  KoncxpyKHHH,  ycaAOBHbixycMAHH 
ox  CBapKH,  BocnpmiMMaoMbix  nepoMenHoPi  xecxKocxbio 
oOoAOHKM  npH  pasAHHHbix  ycAOBHBX  OHHpaHHfi  H  Harpy- 
XGHHB.  OOexaMKa  npn  BueueHxpoBOM  pacxaxGHUH  hmg- 
excAoxnyK)  cfiopMy,  cBBsaHnyio  c  HesosMoxHooxbio  koh- 
cxpyKnMeil  peaAHaosaxb  raockhiI  M3rn6  h  xpaiiccbopMa- 
u.MeH  ero  b  Ae<t>opMaLi,Mio  «rpn60BMAH0cxn». 

OnPEflEJIEHME  OCTATOMHbIX  HAnPJl>KEHMfi  B 
a/IEMEHTAX  MAlUMHOCTPOMTEJlbHblX  KOHC- 
TPyKUMii  METOflOM  3J1EKTPOHHOM  CREK/I-MH- 
TEP<t>EFOIIV!ETPMM.  /I.  M.  Jlo6aHOB,  B.  A  .  PuBTopaK, 
B.  K.  KMUHen,  E.  M.  OneinHUK  (Hh-t  sneKTpocBapKM  hm. 
E.  O.  ParoHa,  r.Ki^eo,  VKpanHa).  npuHHHofi  MHoruxaea- 
pnH,  npoMoxoABiAHX  npn  oKcnAyaxauMH  3AeMenxoB  Ma- 
U.IMH  M  KOHOXpyKUHii,  6blBaiOX  OCXaXOHHbie  HanpBXGHMB. 
B  CBB3M  C  3XMM  aKXyaAbHblM  BBABeXCB  paSBIIXMe  3C|)- 
ct^GKXMBMblX  MGXOAOB  nOAyHGHMB  riOAHoil  HHCflOpMaUHH 
o  pacnpeAeAGHHM  h  ocoOenHocxax  BosuMKHOseHHB  oc- 
XaXOHHblX  HanpBXGHHM, 

f\nf{  onpeAGAGHUB  HanpBxeniio-AectiopMMpoBaHHoro 
cocxoBHMB  CBapHbix  KOHCxpyKHHM  npeAAaraexcB  hc- 
noAbaoBaxb  mgxoa  cneKA-HuxepcfiepoMexpuM,  nosDOAB- 
iolamJI  onpRASAflXb  KOMnoHenxbi  sexxopa  nepeMeiAOHHH 
w,  V,  IV  M  HSMepnxb  ocxaxoHHbie  HanpBXeuMB, 
MHxeHCMBHoe  paaBMXHe  xoMnbioxepHOM  h  BbiMncAMxeAb- 

HOM  XeXHMKM  n03BOAMAO  cyUXGCXBeHHO  yCOBepiilGHOXBO- 

Baxb  cneKA-MexoAbi  m  cosAaxb  mgxoa  sAeKxpoHHoPi 


feners  (stringers)  of  5X500X2400  mm  size,  also  of 
AMg6NPP  grade  alloy  were  welded  to  the  shell  by  the 
electron  beam  from  fhe  inside  in  the  longitudinal  direc¬ 
tion.  The  stiffener  spacing  was  set  to  be  equal  to 
170  mm.  The  v>'elding  mode  was  as  follows:  accelera¬ 
ting  voltage  of  60  kV,  welding  current  of  50  mA,  focusing 
current  of  700  niA,  welding  speed  of  41  m/h. 

High  requirements  to  the  fabrication  accuracy  are  made 
of  stringershells.  So,  forinstance,  the  maximal  sagging 
in  the  T-joint  zone  should  not  be  more  than  1 .5  mm  per 
a  linear  meter  of  weld. 

The  conclilions  of  item  service  make  it  necessary  to 
develop  a  technology  of  its  fabrication  incorporating  the 
techniques  to  lower  the  residual  distortion  of  both  the 
v/elded  joints  and  the  shell  as  a  whole. 

Concentrated  sources  of  welding  heat  (electron  beam) 

'  in  combination  with  elastic  pretension  of  the  elements 
:  assembled  tor  welding,  were  used  as  the  measures  to 
ensure  the  specified  accuracy  of  thin-walled  shells, 
i  In  order  to  carry  out  the  elastic  pretension  of  the  shell 
I  elements,  a  specialised  facility  was  developed  which 
I  enables  performance  of  assembly,  pretension  and  elec¬ 
tron  beam  welding  of  large-sized  panel  and  shell  struc¬ 
tures  of  light  alloys. 

The  influence  of  elastic  pretension  on  the  stress-strain 
state  of  a  finned  shell  of  a  high-strength  AMg6NPP 
aluminium  alloy  during  its  fabrication  by  electron  beam 
welding  v/as  studied.  The  residua!  changes  of  the  shell 
shape  were  determined  by  the  change  of  the  geomet¬ 
rical  dimensions  and  rigidity  of  the  structure  as  a  result 
i  of  a  successive  welding  of  stringers,  by  the  parameters 
’  of  off-  center  pretension  of  the  sections  of  the  structure 
j  surface,  shrinkage  forces  due  to  welding  applied  to  the 
:  variable  rigidity  of  the  shell  under  different  conditions 
i  of  bearing  and  loading.  Under  off-center  tension  the 
j  shell  has  a  complex  shape  related  to  the  impossibility 
;  of  the  structure  to  develop  plane  bending  and  its  tran- 
i  sformation  into  mushroom-shape  deformation. 


DETERMINATION  OF  RESIDUAL  STRESSES  IN  ELE¬ 
MENTS  OF  MACHINE-BUILDING  STRUCTURES 
USING  THE  METHOD  OF  ELECTRON  SPECKLE-IN¬ 
TERFEROMETRY.  L.M. Lobanov,  V.A.Pivtorak,  V.l.  Kiy- 
anets,  E.M. Oleynik  (The  E.O.Paton  Electric  Welding  In¬ 
stitute,  Kiev,  Ukraine).  Residual  stresses  can  be  the 
causefor  many  accidents  occurring  in  operation  of  mac¬ 
hine  and  structure  elements.  In  this  connection  deve¬ 
lopment  of  effective  methods  of  generation  of  complete 
information  on  the  distribution  and  features  of  residual 
stresses  formation  is  an  urgent  task. 

In  order  to  assess  the  stress-strain  state  of  welded 
structures,  it  is  proposed  to  use  the  speckle-interfero¬ 
metry  method  v/hich  permits  determination  of  the  com¬ 
ponents  of  the  vector  of  displacements  u,  v,  w  and 
measurement  of  residual  stresses. 

Fast  progress  of  computer  systems  and  science  enab¬ 
led  an  essential  improvement  of  the  speckle  methods 
and  development  of  the  speckle-interferometry  met- 
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cnGK/i-miTepct)epoMeTpnn,  K  npeMMyiuiecTBaM  noc-  ; 
jieflHero  othocbtcb  BbicoKaa  npoMSBOflUTe/ibHocTb,  j 
MCKJIIOHeHMe  «MOKporo»  XMMMMeCKOrO  H/IH  SBeKTpOC-  I 
TaTMHecKoro  npoap/ieHHa  m  noc/ieflyrainero  Boccra-  j 
HOBJIGHMB  KapTMH  HHTepc})epGHIJ,MH.  i 

C  noMoLphK)  pa3pa6oTaHHoti  MeTOflHKM  onpeqe/iqjin  oc-  j 

TaTOHHbieHanp5i>KeHHflBCBapHOMn/iocKOM3qeMeMTeTo/i-  | 

muHofi  70  MM  M3  aaKDMMHMeQoro  cnaaBa,  ceapenHoro  ! 
speKTpoHHo-pyqeBbiM  cnaco6oM,  a  laioKe  b  paapuBUbix  [ 
a/ieMSHTax  ceapubix  KOHCTpyKUMM  m3  anioMMHMeBbix  onpa-  | 
BOB.  npeqcTaBneHW  MHTepc^epeHUWonHbie  KapjMHbi  no- 
J10C,  xapaKTrepMsyrau^Me  ypoBUM  ocTaroBHbix  HanpBXGHMM 
B  MCC/ieAyeMblX  30HaX  KOHCTpyKUMM  M  OCTaTOMHbIX  HaopB- 
xennii.  rioKaaaHb!  nepcneicTi/tBbi  npuMeHennsi  HOBoro 
speKTpoHiioro  cneKJi-MHTepcpepoMeTpuMecKoro  weTOfla. 

KOMnbKJTCPHAH  CMCTEMA  OHP^AEnEHMfl  OC- 
TATOMHfolX  HAnPSPKEHMM  METOAOM  OTBEPCTOM  B 
COMETAHMM  C  rOJTJOrPAtDMHECKOM  MHTEP<DEPO- 
METPMEM.y?.  M.  fto6aHOB,  B.  A .  PuBTopaK,  H.  fl.  Kpo- 
TeHKo,  C.  r.  AHflpymoHKO  (Mh-t  sneKTpocBapm  iim. 

E.  O.  rtaroHa,  r.Ki^GB,  YKpanHB),  B.  P.  Ty/ibBt^ncKud, 

A.  r.  KoBHepHCTOB  (Mh-t  KPi6epHemKi'<  mm.  B.  M.  P nyw- 
KOBa,  r.KmB,  VKpaMHa).  Pa3pa6oTaHa  KOMPbioTepHaa 
cMCTOMa  flap  onpefleaeHMB  ocTaioHiibix  HanpBxeHMil 
no  AaHHbiM  MeroAa  roAorpatpMHecKoCi  Murepctepo- 
MexpMM.  peaaKcauMM  ocTaTOMHbtxnanpnxei-iMM  nc- 
noabsyioT  motoa  CBopaeuMB  HecKBosHwx  oTBepcTMM 
AMaMGjpoM  1,5.:. 2, 5  MM.  MuTepcpepeHAMOHnas  xapin- 
Ha  noaoc,  xapaKTepM3yiou.\aB  none  nepeMemeHMM  bok- 
pyr  BbicsepneHMoro  OTBepciMB,  perncTpnpyeTCB  c  no- 
MoiAbR-)  KOMnaxTHoi^  TepMonaacTMBGCKOM  Kar^epbi 
MrHOBGHHOM  sanMCM. 

B  sKcnepMMGHTax  no  onpeAeaeHMio  ocTaroMHbJX  Hanpa- 
XGHMM  McnojibsoBaJiM  Manora6apnTHbie  ro/iorpacJjMBGc- 
KMG  npneopw  C  onTMMGCKOM  CXGMOM,  HyBCTSMTG/ibHOfi  K 
nepeMGIAGI-iMBM  M3  nBOCKOCTM  (HOpMa/lbHOpi  KOMnOHGHTG 
BGKTopa  nepeMetueHMM). 

l/lHTGpcpGpGHAMOHnaB  xapTMHa  noBoc,  noay'<eHHaB  c  no- 
MOAiblO  CCD-Kawepbl  M  GAGKTPOHHOM  rUiaTb!  OLl.MCfipOBKM, 
BBOAMTca  B  naMBTb  KOMObiorepa.  nporpawMHoe  o6ecnGBe- 
HMG,  pa3pa6oTaHHoe  hh  BSbiKe  nporp)aMMMpoBaHMB  C++  a 
onepauMOHHoii  cncTOMe  V/indows  3.1/95/98,  nosBOJiner 
oToepaxffiTb  H3.AMcn/iGG  KOMnhioTGpa  pa3nepTX\'MHTeHCMB- 
HOCTM  M  rpait)MK  aaBMCMMOc™  nopBAKOB  noAoc  OT TeKyLueil  j 
KoopAMHajbi,  a  TaKxe  nopsAOK  noaocbi  na  xpoMKe  OTBGpc-  j 
.TUB  BAo/ib  BbiSpaHHoro  Hanpas.neuMB  cKaHMpoBaHMB.  flnn 
CBB3M  HOpManbHOM  COCTaBJlBroLUGM  BeiTTOpa  nepeMeiAGHMM 
Ha  KPOMKG  OTBOPCTMB  C  HanpBXGHMBMM  McnoAbSyiOTCB  33- 
BMCMMOCTM,  noayHGHHbie  paCHGTHblM  n^TGM.  HopManbuas 
cocraBaBioiAan  Botcropa  nepex^eu^enMM  Ha  xpoMKG  oiBep- 
CTMB  onpeAeriBeTCB  M3  nopBA.Kci  MHTep4)epeHHMOHHoCt  no- 
aocb!,3aTeMBBOAfncBAan'ii:''eoreoMeTpMHecKMxpa3Mepax 

BbicBGpaMBaeMoro  otbgpctmb  m  MexaHMHecxMX  cBOMCTeax 
KOHTpoanpyeMoro  MarepMana.  KowribioTepHaB  nporpawMa 
BbmncaBGTOcTaTOMHbie  HanpB)KeHMB  b  MccaeAyeMOMTOBxe. 

ripopSCC  o6pa6oTKM  MHTep4)epeHU,MOHHb'X  rioaoC  M  BblHKC- 
AGHMB  OCraTOHHbtX  HanpBXGHMM  SHHMMaGT  Ha  XOMObKITepe 
PC  48SDX2  oKono  3  mmh. 

MATEMATMHECKAfl  MOflE/lb  fl/lS?  OnPEAEAE- 
HMS?  OCTATOMHbIX  HAnPflJKEHMM  C  MCHOJTIbSO- 
BAHMEM  TPEXMEPHbIX  PEIUEHMM  3AAAH  TE- 

OPMM  ynpyrocTM.  /i.  m.  noeanoB.  b.  a.  n^BTopaK, 

Pi.fi.  KpoTC-HKO  (PIh-t a/iBKTpocBapKH  E.  O.  PiaToaa, 
r.Kms,  VKpaUHa),  B.  H.  HexoB,  K.  A.  Kopoms  (Jaap. 
Han.  yH-Ti^M.  B.  M.  BepHSflCKoro,  r.Ci/iM0eponofib,  Yk- 
pamta).  PemeHMe,  noAyHGHHoe  Kmpimgm  A.nB  tchkom 
nAacTMHbi  c  KpyroBbiM  oTBepcTMeM  npn  oahoochom 
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hod.  The  latter  has  the  advantages  of  a  high  efficiency, 
elinnination  of  the  wet  chemical  or  electrostatic  deve¬ 
lopment  and  subsequent  restoration  of  the  interference 
patterns. 

The  developed  procedure  was  used  to  determine  the 
residual  stresses  in  a  flat  welded  element  70  mm  thick 
of  an  aluminium  alloy,  welded  by  electron  beam  pro¬ 
cess,  as  v/ell  as  in  various  elements  of  welded  structures 
of  aluminium  alloys.  The  interference  fringe  patterns  are 
given  v;hich  characterise  the  levels  of  residual  stresses 
in  the  studied  structure  zones.  The  prospects  for  appli¬ 
cation  of  the  new  electron  speckle-interferometry  met¬ 
hod  are  discussed. 


COMPUTER  SYSTEM  FOR  DETERMSNATION  OF  RE¬ 
SIDUAL  STRESSES  BY  THE  METHOD  OF  HOLES  IN 
COMBINATION  WITH  A  HOLOGRAPHIC  INTERFE¬ 
ROMETRY.  L.M. Lobanov,  V.A.Pivtorak,  P.D.Krotenko, 
S.G.Andrushchenko  (The  E.  O.Paton  Electric  Welding  In¬ 
stitute,  Kiev,  Ukraine),  V.G.Tulchinsky,  A.G.Kovneristov 
(V.M.GIushkov  Institute  of  Cybernetics,  Kiev,  Ukraine). 
A  computer  system  has  been  developed  for  determina¬ 
tion  of  residual  stresses  from  the  data  of  holographic 
interferometry  method.  Drilling  of  blind  holes  of  1.5  to 
2.5  mm  diameter  is  used  for  residual  stress  relaxation. 
The  interference  fringe  pattern  characterising  the  field 
of  displacements  around  the  drilled  hole,  is  recorded 
by  an  instantaneous  recording  compact  thermoplastic 
camera. 

Small-sized  holographic  units  with  the  optical  circuit 
sensitive  to  out-of-plane  displacements  (normal  com¬ 
ponent  of  the  displacement  vector)  were  used  in  the 
experiments  on  residual  stress  determination. 

The  interference  fringe  pattern  produced  with  a  CCD- 
camera  and  a  digital  board  is  entered  into  the  computer 
memory .  The  software  developed  in  C++  programming 
language  in  Windov/s  3.1/95/98  operational  system  al¬ 
lows  displaying  the  intensity  scan  and  the  plot  of  the 
fringe  order  dependence  on  the  current  co-ordinate, 
as  well  as  the  order  of  the  fringe  at  the  hole  edge  along 
the  selected  scanning  direction.  Dependencies  derived 
by  calculation  are  used  for  correlating  the  normal  com¬ 
ponent  of  the  vector  of  displacements  at  the  edge  of  a 
hole  with  stresses.  The  normal  component  of  the  vector 
of  displacements  at  the  hole  edge  is  determined  from 
the  interference  fringe  order,  and  then  the  data  on  the 
geometrical  dimensions  of  the  drilled  hole  and  mecha¬ 
nical  properties  of  the  material  being  controlled  are  en¬ 
tered.  The  computer  program  calculates  the  residual 
stresses  in  the  studied  point.  Interference  fringe  pro¬ 
cessing  and  calculation  of  the  residual  stresses  take 
about  3  min.  in  a  PC  486DX  computer. 


MATHEMATICAL  MODEL  FOR  DETERMINATION  OF 
RESIDUAL  STRESSES  USING  THREE-DIMENSIO¬ 
NAL  SOLUTIONS  OF  PROBLEMS  OF  THE  THEORY 
OF  ELASTICITY.  L.M. Lobanov,  V.A.Pivtorak,  P.D.Kro¬ 
tenko  (The  E. O.Paton  Electric  Welding  Institute,  Kiev, 
Ukraine),  V.N. Chekhov,  K.A.Korolyev  (V.l. Vernadsky 
Tavrian  Nat.  Univ.,  Simferopol,  Ukraine).  The  solution 
derived  by  Kirsch  for  a  thin  plate  with  a  circular  hole  at 
uniaxial  tension,  was  the  start  of  application  of  the  met- 
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pacTRxeHUH,  no/ioxii/io  na'-ia/io  ncno/ibaoBaHwo  we- 
TOfla  oTnepoTi-iCi  npn  onpoAe/ieKMii  ocTaro^Hbix  Hanpfi- 
xeHMM.  B  nociienyiouj,eM  peiiiennfj  aafiaHW  Ki-ipma  nc- 
n0/1b30Baj1M  pa3/tHHHbie  aETOphI  B  KaHeOTBS  OCHOBbI 
flBB  pa3pa6oTKM  MeTOflPKH  onpefle/ieMPf!  ociaTO'-iHbfx 
HanpnjKeHi'fri.  A^ib  MSMepeHHfi  floctiopMaHMii  npUMenn- 
JIM  3JieKTpoTen30MeTpmo  M  flpyrwe  sKcnepuMeiiTaab- 
Hbie  MeTOflbi.  B  cjiynae  ncnojibsoBaHMsi  HecKBoauiiix  ot- 
BepcTMM  MCXoppT  M3  TpoxMepHoro  peLiieMMB  aa.qaMM 
TeopMM  ynpyrocTM,  KOTopoe  uaxoflHTCfi  oflHMM  m3  3mo- 
qPHHblX  MeXOflOR. 

B  HacTOBineM  pa6oTe  npeflJiaraeTCB  uonojibsonarb 
TpexMepnoe  aHajiMXMRecKoe  peaienne  aapa^  o  Hanpn- 
)«:eHHo-fle(popM!'ipopaHHOM  coctobhmm  ojion  co  ckbo3- 
MbiM  OTBepcTMew  ripM  flByxocHOM  oflHopoquoM  pacxa- 
xeiiMM  DJI  on,  Korqa  KOMnoHonxa  (lanpnxxeiiMM  r7jj,jiMHeM- 
Ho  M3MeiineTcn  Rqo/ib  ocm  ay. 

P/ir\  onpeflenetiMB  ocTaxoMiibix  nanpnJKeiiMM  nooxpoeHa 
MaxeMaTuneoKan  Moqejib,  Koxopan  nosDonnex  ycxaHo- 
BMXb  ocxaxoMHbie  Hanpn>j;eHMn  Moxoqn  m3  MiniMMiisauMM 
pasHMUW  Me>i<fly  xeopexnMecKMMM  m  3KcnGpMMGfixa/ib- 
HbiMM  3Ha'-ieHMnMt.t  nepeMeiuei-iMM  b  oKpecTnociM  bwc- 
BepjiMBaeMoro  oxsepcxMn.  riocrieAHMe  onpeqeanioxMe- 
xofloM  rojiorpa't'MnGCKOM  MiixeptljepoMoxpMM. 

OOPMMPOBAHMEOCTATOMHblXHAnPSfXEHi^MB 
CBAPHblX  COEflMHEHUnX  BbICOKOnPO’WOM 
CTAJ1M  nPM  MCnOTibSOBAHHM  nPEABAPMTE/lb- 
Horo  nOflOrPEBA.  /I.  M.  MuxoflyLi,  B.  /?•  RosimKOB, 
O./I.  Mi/ixop,yPi  (RH-T3.neKTpocpp.pKii  hm.  E.  O.  RaroHa, 
r.Knea.  YnpaHHa).  npeflBapwxe/ibHbiM  noqorpeB  “ 
paonpocxpaHeHnan xexHr;.norM>ieoKan  onopauMn,  npax- 
XMHecKM  Bcerqa  BbinojinneMan  npu  MsroxoBJieHMM 
CBapitblX  KOHCXpyKUMM  M3  BblCOKOPpOHnblX  QeMHMXHO- 
MapxeHCMXHbix  cxansM  c  npeqejiOM  XGKy'iecxM 

>600Mna.  MocnoAOBaHMn  BRMnHMn  npoABapMxenbHO- 

ro  noAorpeoa  na  cJ^opMnpoDanue  ocxaxoMHbix  Hanpn- 
xeHMiJ  HaM6ojiee  naoxo  nocRfimenb!  MsynenMio  oco- 
6fiHHocxeM  KOHcxpyKi jMOHHbix  cxaBofi,  cyiijecxBeHHO 
pasJiM'taioujMXcn  Mex<Ay  co6om  no  xMMMnecKOMy  coc- 
xaey  m  ycjioBMBM  Harpesa, 

Saqa^eM  qaHHhix  sKonepMMeiixoB  Sbui  anajiMs  cnoco- 
6ob  qocxMxeuMn  MMHHManbHoro  ypoBHn  ocxaxonnbix 
HanpnxeHMM  b  CEapHuix  coeAMnennnx  c  yaexoM  npo- 
xeKauMB  xennoBbix  npopeccoB  npM  KOHKpexHwx  ycao- 
BMBX  ceapxM. 

B  KaneoxBR  o6>jeKxa  Mco-neqooaMMM  6biJiM  ncnojibSOBa- 
Hbi  njiaoxMHbi  pasMopoM  30X250X350  mm,  MsroxoBJien- 
Hbie  M3  BbICOKOnponHOM  CXaJIM  Map  KM  14Xr2CA(t>fl. 
Bqonb  npoqoJibHOM  ocm  nnacxMH  Hanocu/iM  KananxM  pa- 
AMycoM  3  MM,  saxeM  paa/inanbiMM  cnocoSawM  CBaoKii 
{MexaHMSMpoBaiiMoi^  noq  c}3aK30OM  m  pyiHOM  sjioKxpoqy- 
roBoti)  HannanjifiriM  b  hmx  oqHocaoMHbis  sa.nMKM  na  orpa- 
HM'ieiniMX  xenBorsnoxoriMBX  (O^g  «  10  Kflx/cM),  nxo  noa- 
BOJTMao  MMMXMpoBaxb  yoROBMn  BbinojiHeann  aaBopiua- 
loiiiMX  npoxoqoB  lunon  Cojibujoro  ceHGHnn  m  npn  axoM 
MCKniOHMXb  BoaqeMOXBMe  paajiHMUbix  cxiyMaMUbix  4)aicro- 
poB,  TeMnepaxypy  npeqBapMxenbHoro  noqorpesa  o6- 
pasiJiOB  MSMennAM  ox  70  qo  250  *C.  SanMCb  xopMMHecKMx 
UMKJIOB  OBapKM  ocymecxRJinjiH  na  ocuMJiJiorpacpe, 
npM  aBxoMaxMMecKOM  cBapKG  noq  tpaiocoM  6e3  mc- 
nojibsoBaHMn  npeqBapMXG/ibnoro  noqorpeBa  MexajiJi 
3TB  B  xe'ieHiie  6ojiee  qjiMxejibnoro  speMeHM,  hbm  npM 
pyanoM  ajisKxpoqyroBCM,  HaxoqMxcn  npn  xcMnapaxy- 
pax,  npoRbiiuauiinux  800  "C.  ripeqBapMxeabHfaiM  noqor- 
pen  npaKX'MBeoKM  ne  oKasbieaex  naMniinn  Ha  qjinxejib- 


hod  of  holes  in  residual  stress  determination.  Later  on 
the  soiution  of  Kirsch's  problem  was  used  by  various 
authors  as  the  basis  tor  development  of  the  procedure 
for  residua!  stress  determination,  Eiectrical  strain  meas¬ 
urement  and  other  experimental  methods  were  applied 
to  rnea.sure  the  deformations.  In  the  case  when  blind 
holes  are  used,  a  three-dimensional  solution  of  the 
I  problem  of  the  theory  of  elasticity  is  applied,  which  is 
I  found  by  one  of  the  numerical  methods. 

[  The  paper  suggest;;  the  use  of  a  three-dimensional  ana¬ 
lytical  solution  of  the  problems  of  the  stress-strain  state 
of  a  layer  with  a  through-thickness  hole  under  biaxial 
uniform  tension  of  the  layer  when  stress  component 
changes  linearly  along  oy  axis. 

A  mathematical  model  has  been  constructed  to  determine 
the  residual  stresses.  The  mode)  allows  the  residual  stres¬ 
ses  to  be  determined  based  on  minimi.sing  the  difference 
between  the  theoretical  and  experimental  values  of  dis¬ 
placements  in  the  drilled  hole  vicinity.  The  latter  are  de¬ 
termined  by  holographic  interferometry  method. 


FORMATION  OF  RESIDUAL  STRESSES  IN  WELDED 
JOINTS  OF  HIGH-STRENGTH  STEEL  USING  PREHE¬ 
ATING,  L.I.Mikhodui,  V.D.Poznyakov,  O.L.Mikhodui 
(The  E.O.Paton  Electria  Welding  Institute,  Kiev,  Ukrai¬ 
ne).  Preheating  T  isawidely  used  processing  operation 
which  is  practicably  always  performed  in  fabrication  of 
welded  structures  of  high-strength  beinitic-martensitic 
steels  with  >600  MPa  yield  point.  Investigations  of  the 
influence  of  preheating  on  formation  of  residual  stresses 
are  predominantly  devoted  to  study  of  the  features  of 
structural  steels  which  differ  essentially  in  composition 
and  heating  conditions. 

The  objective  of  these  experiments  was  analysis  of  the 
methods  to  achieve  a  minimal  level  of  residual  stresses 
in  the  welded  joints,  allowing  for  thermal  processes  run¬ 
ning  under  the  specific  conditions  of  welding. 
30X250X350  mrn  plates  of  high-strength  steel  of 
14KhG2CAFD  grade  were  used  as  the  object  of  inves¬ 
tigations.  Groves  of  3  mm  radius  were  made  along  the 
plate  longitudinal  axis,  and  then  single-layer  beads  were 
deposited  on  them  by  various  welding  processes  (mec¬ 
hanized  submerged-arc  and  manual  arc  welding)  with 
limited  heat  input  10  kJ/cm),  which  allowed  simu¬ 
lation  of  the  conditions  of  performance  of  the  final  pa,sses 
of  large  cross-section  welds,  while  eliminating  various  ran¬ 
dom  factors.  The  temperature  of  sample  preheating  varied 
betv/een  70  and  250  'C.  An  oscillograph  was  used  to 
record  the  thermal  cycles  of  welding. 

In  automatic  submerged-arc  welding  without  prehea¬ 
ting,  the  HAZ  metal  stays  at  temperatures  above  800  'C 
fora  longer  time,  than  in  manual  arc  welding.  Preheating 
practically  does  not  influence  the  duration  of  welded 
joints  soaking  above  point  in  manual  arc  welding 
and  promotes  its  prolongation  by  up  to  30  %  in  the  case 
of  submerged -arc  v.'elding.  On  the  other  hand,  it  permits 
a  2.5  to  8,0  times  increase  of  the  duration  of  the  HAZ 
metal  staying  at  temperatures  above  100  ‘C;  1 .8  to  3.5 
times  slov.'ing  down  of  the  metal  cooling  rate  in  the 
temperature  range  of  600  to  500  'C  (IVe/s)' 
of  the  metal  cooling  rate  at  the  temperature  of  300  "C 
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HOOTb  npe6biBaHMn  caapHwx  coepi'neHMM  Bbnue  tomkm 
^c5  pyMHOli  sperrpoflyroQoM  ceapKe  n  crioco6c- 
TByeT  ee  yeePMMeHHio  flo  30  %  b  cjiyMae  aBTOMaTH'ien- 
KOM  cBapKH  nofl  (i)/iK)COM.  Bxoxe  BpewB  oh  nosBonfieT 
B  2, 5. ..8,0  pas  yBejiMHHTbnpoflo/i>KHTe,nbHOCTbnpe6bi- 
BauMB  Mexan/ia  3TB  npM  TeMnepaxypax,  npeBbiujato- 
mHX  1 00  'C,  B  1 ,8. ..3, 5  paaa  aaMeftnuTb  cKopocxb  ox- 
jiaxfleHHB  Mexa/ixia  b  wHxepEaae  xeMnepaxyp 
600.. .500  "C  (IVg^g),  axaKxeoKopocxboxaajKflenHB  Me- 
xaxijia  npM  xeMnepaxypa  300  'C  (S/^sog). 
ripH  noMou^M  MGXOfla  roBorpa4)HHecKoii  MHxeptfiepo- 
MexpuH  Ha  noBepxHocxw  oOpaapoB  onpeAeBfiaM  ocxa- 
xoHHbie  HanpaxeMi-if!  no  ocm  saniiKa  h  Ha  paanwHUbix 
paccxoBHHBx  ox  Hse.  ripw  CBapxe  6e3  npeflBapMxe.nb- 
Horo  noAorpena  bo  Bcex  HccaeAOBaHHHX  eapnaHxax  b 
npoAoiibHoM  HanpaBAGHHH  ccfiopMupoBa/iHCb  ocxa- 
xoHHbie  pacxBrnBa!oiAne  HanpBxeHHP.  b  wexa/ine  Lusa 
M  3TB.  B  Mexanpe  HccjieAOBanHbix  ixibob  mx  aHaneHHB 
AOBOBbHO  6bm3KM:  ci^.  =  145... 170  Mfia.  B  Mexaa;ie  3TB 
npH  pyHHoCi  aaeKxpoAyroBOH  ceapKe  ohm  HawHoro  Bbiiue, 
HPM  npM  aBXOMaxMHecKOM  noA  (t/ixjcoM  (cooxBexcxeeH- 
HO  =  240  M  150  MIT.a.  Taxan  pa,3HMUA  o6ycjioB/ieMa 
paaaMHUBMH  b  cKopocxHX  oxnaxAGHiw  a  cae- 

AonaxenbHo,  m  cxenenbio  bjihhhmb  Ha  npouecc  cpopMH- 
pooaHHH  Hx  cxpyxxypHbix  npeBpamem-iCi. 
npeABapMxe.nbHbifi  noAorpes  cnoco6cxBOBa,n  noBU- 
ujeHHio  pacxflri'iBaioiAHX  HanpfDKeHHti  csapubix  co- 
GAHHeMHEX.  Tax,  npii  aBXOMaxHHeoKoii  caapKe  noA 
(t).niocoM  c  noAorpeBOM  70... 250  'C  paoxaniBafotAHe 
HanpaxeHMB  b  ujsax  noBbiiuariHCb  Ha  20. ,.70  %.  B  STB 
CBapubix  coeAHHeHHH  BbicoKonpoHHOH  cxariH,  BhinoA- 
HeHHbix  pyHHoil  ajiexxpoAyroBOM  CBapxoH,  npeAoapH- 
xeEbHbiti  noAorpeB  coeAHHeHmi  ao  130  "C  cnocoOc- 
XBOsa/i  HesHaHHxeabHowiy  noBbiLueniiio  HanpaxsHHH 
(Ha  11... 18  %),  npM  aBXOMaxMMecKOM  cBapxe  noA  ct5Xiio- 
coM  pacxnrHBaioiAMe  HanpExeHHfi  b  Mexanae  STB  yse- 
XIHHHBaXIHOb  AO  60  %. 

B  nonepeHHOM  HanpaBaennH  oxHooMxenbHo  ocn  ujBa 
Cy  npeAsapMxeBbHbiM  noAorpee  xaioxe  cnocoScxaoBaB 
noBbiiiiGHmo  ypoBHB  pacxflruBatoaiMx  HanpExeHHW  b 
HarmaBaeHHOM  MexaBxie.  Ec/ih  ero  xewnepaxypa  He 
npeBbfUjaex  130 'C,  xo  npH  py'iHofi  ajieKxpoAyroBoil 
ceapKe  axo  npHBOAWx  k  noBbiiueHHio  ypoBna  ocxaxoH- 
Hfa!X  HanpH>KeHHi?i  ao  30  %.  B  paBHOpeHUblX  yCXIOBHHX 
npii  MexaHH3npoBaHHoi1  CBapxe  noA  c(>biocom  xaKoe 
yBBAHHeHHe  HaripB>KeHMH  anaHHxejibHo  Bwuje  —  ao 
1 1 0  %. 

npoBeAenHbiG  HccaeAOBaHHB  CBHAexeiibcxayKJX  o  xom, 
HXO  CXOHKH  apeHHE  oOscneHeHHE  MHHHManbHOroypOB- 
HE  OCXaXOMHbIX  HanpEKeHMM  B  csapubix  COeAHHeHHEX 
BblCOKOnpOHHblX  OeHHMXHO-MapXeHCHXHblX  CXaABH 

xeMnepaxypa  wx  npeAsapHTeabHoro  noAorpeea  He 
AOBXcHa  npeBbiiuaxb  70...  130  'C  vt  comacoBbiBaxbCB  c 
OGoCenHocxEMM  npoxsKaHHB  xen/ioBbix  npopeccoB  npn 
KOHKpeXHbtX  yCAOBHHX  CBapKH. 

METOAb!  ABTOMATM3MPOBAHHOrO  PACMETA 
KPMTF-PMAJlbHbJX  XAPAKTEPUCTMK  MEXAHMKM 
PA3PyiUEHM51.  M.P.  Hi'pryx<i^H,  E.  T.  Tlanp;HOBa  (Toe. 
rexH.  yn-T,  r.  Kaparanfi^,  PecnyE/ima  Kasaxcraii).  Coa- 
ABHiie  pac'tGXHbix  wexoAOB  onpeAexieHHE  KpiiXGpHanbHbix 
xaparrepHcxnK  wexaHHKii  paapyLbieuHE  abe  npomoaiipo- 
BaUHE  XMByMGCXH  a/lCMGHXOB  MaLUHHOCXpOMXe/IbHblX  KOH- 

cxpyKHMM  c  xpeiAHHonoAoOHbiMH  Ae4>eKxaMH  h  sbiEBJiG- 
Hiie  aaKOHOMepHocxeil  pasBiixuE  xpeiAMHbi  EBJinexcE 
aKxyanbHOH  aatiaHeii.  B  KaHeexee  KpHxepHeo  npoxHoexH 


The  method  of  holographic  interferometry  wa.s  used  to 
determine  the  re.sidual  stresses  on  the  sample  surface 
along  the  bead  axis  and  at  different  distances  from  It, 
In  welding  without  preheating,  tensile  residual  stresses 
developed  in  the  weld  metal  and  the  HAZ  in  the  longi¬ 
tudinal  direction  In  all  the  studied  variants.  Their 
values  are  rather  close  in  the  metal  of  the  .studied  welds: 

=  145-170  MPa.  In  the  HAZ  metal  they  are  much 
higher  in  manual  arc  welding,  than  in  automatic  sub¬ 
merged-arc  welding  =  240  and  150  MPa,  respec¬ 
tively).  Such  a  difference  is  due  to  the  different  rates  of 
cooling  below  4^3,  and,  therefore,  degree  of  structural 
transformations  influence  on  the  process  of  their  for¬ 
mation. 

Preheating  promoted  an  increase  of  the  tensile  stresses 
o  in  welded  joints.  So,  in  submerged-arc  welding  with 
preheating  up  to  70  to  250  'C  tensiie  stresses  in  weids 
increased  by  20-70  %,  In  the  HAZ  of  high-strength  steel 
welded  joints  made  by  manual  arc  welding,  preheating 
of  the  joints  up  to  130  'C  promoted  a  slight  increase  of 
stresses  (by  11-18  %),  while  in  automatic  submerged- 
arc  welding  the  tensile  stresses  in  the  HAZ  metal  incre¬ 
ased  up  to  60  %. 

In  the  transverse  direction  relative  to  the  weld  axis  (Oy) 
preheating  also  promoted  an  increase  of  the  level  of 
I  tensile  stresses  in  the  deposited  metal.  If  its  tempera- 
I  ture  does  not  exceed  130  "C,  in  manual  arc  welding  it 
leads  to  an  increase  of  the  residual  stre.ss  level  up  to 
30  %.  Under  equivalent  conditions  in  mechanised  sub¬ 
merged-arc  welding  this  increase  of  stres-ses  is  much 
higher,  namely  up  to  110  %. 

The  performed  investigations  demon.strate  that  with  the 
view  to  provision  of  a  minimal  level  of  residual  .stresses 
in  welded  joints  of  high-strength  beinitic-martensitic 
steels,  their  preheating  temperature  should  not  exceed 
70-130  ’C  and  should  allow  for  the  features  of  thermal 
processes  running  under  the  specific  conditions  of  wel¬ 
ding. 


METHODS  OF  AUTOMATED  CALCULATION  OF  CRI- 
TERIAL  CHARACTERISTICS  OF  FRACTURE  MECHA¬ 
NICS.  M.R.Nurguzhin,  G.T.Danenova  (State  Techn. 
Univ.,  Karaganda,  Kazakhstan  Republic).  Development 
of  calculation  methods  for  determination  of  criterial 
characteristics  of  fracture  mechanics  for  forecasting  the 
viability  of  mechanical  engineering  structure  elements 
with  cracklike  defects  and  establishment  of  the  laws  of 
crack  propagation  is  an  urgent  task.  The  stress  intensity 
j  factor  (SIF),  J  energy  integral,  crack  tip  opening  disp- 
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McnojibsyioTcn  K03tf)f[>MHMeHT  nHTeHCHBHOCTi'i  (lanpf;- 
sHopreTM'iecKMiS  MHTorpan  J,  pacKpbiTUG  rpe- 
muHbi,  a  TaioKG  pasMaxM  KMH  n  MHTerpaaa  J. 

HaM6o/iee  peanbHO  yaer  yKasaiaibix  (t)ataopoB  moxho 

OCyipeCTBa^Tb  TOBbKO  npH  nOMOipH  COOTQCTCTBylOlUMX 
KOMHblOTepHblX  CMCTeM,  npUfi/tMXeHHblX  K  KOHGMUOMy 
nojib30BaTe/iK).  Ha  Kat{>eApe  CAflP  KapPPy  coaflaa 
nporpatuiMHbiM  MeTOAH'iecKUM  KOMn/iexc  (DMK) 
CRACK,  peaaMayioatHti  Meiofl  KOHOHHbix  aaoMeHTOB 
(MK3)  n  HG/iHHeCiHOM  nocraHOBKe  c  Mcno/ibaoBaHiieM 
KpMTepneB  MexannKM  paapyiueHHfi. 
floHHbiM  nporpaMMiibiM  KownaeKC  nosBonneT  ooyunec- 
TBMTb  pacHGT  KpMTepueB  M6xaHMKM  paspyiiioiHiB;  pe- 
memie  naocKHX  ynpyronaacTMMecKMx  aapan,  PacMei- 
Hbie  MeXOAbl  OCHOBbIBafOTCB  Ha  MCnoabSOBaHHH  MK3 
B  ABywepHOM  nocTaiioBKe  c  npMMsHeHHeM  Teopmi  tc- 
HGHHH  M  Af;4>OpMaUHH  B  peXMMaX  naOCKOM  AR<t>OP‘ 
ManwM  M  naocKoro  HanpnxeHHoro  coctohumh  npw  no- 
MoaiM  nepcoHaabHbix  KOMPbiorepoB  486  m  aP- 
B  AanHoPi  pa6oTe  Mcnonb30Baan  mgtoa  noacoH 
SHSprAH  M  MGTOA  HHTGrpaaa  JAAB  OnpGAeaGHMf!  K03(t>- 
c}jAHMeHTa  MHTeHci'iBHOcTM  HanpBXGHHH  Ky  HHTGrpaa 
J  onpeAeaHioT  paaaMHHbiMM  cnocoSaMH;  —  no  3a- 
BMCHMocTM  Pawca,  —  no  aaBMCMMocTH  Mepxaa- 
KopTGHa,  —  KOHTypHbiti  nHierpan  J. 

(IMK  CRACK  OOCTOHT  H3  npenpopeccopa,  npopeccopa 
H  nocTnpoueccopa,  nepebiCi  BKamaaGT  noAroTOBxy  hc- 
xoflHbix  (paHHbix  H  npejaHaoHaaeH  flaa  noMouJ,H  onepa- 
Topy  npM  (})opMMponaHMn  nnocxoCi  MOAcaM  oSbeirra, 
ee  flMCKpeTM3au,MW-  HcxoflHbiMn  pannbiMn  anaaioTca 
paaMGpbi  ofipa.aiia  h  rpeu^nubi,  ee  noaoxoHne,  tjjnaH- 
Ko-MexaHH'iecKMe  napaMerpbi  MaTGpnaaa. 

B  nporpaMMHOM  KOMnaeKce  nMeexof!  fiasa  Aataiwx, 
BKnioaaioinaa  AncKpGXHbie  Moaean  xnnoBbix  csapubix 
KOHCTpyKRHPt.  flHCKpGXHaq  MOAGab  BblBOAMXCH  Ha  3K- 
paH  1/1  neaaTb.  Taxxe  b  DMK  CRACK  npGAVCMOxpeHO 
MacLiixa6iipoDaHne  MOAean, 

npopeccop  npGAHasHaHGH  Aaa  anaaHsa  ceapHbix  koh- 
cxpyKAMH  c  xpGaiMHonoAoGHbiMH  Ae4>eKxaMH  h  pacae- 
xa  HanpqxGHHO-AGttiopMMpoBanHoro  cocxoghi/ih  kohc- 
xpyKAwPi,  a  xaxxe  Aaa  onpeAeaeunn  KpHxepHeB  npoa- 
HocxM  MexauMKn  paapyaiGHHH, 

riocxnponeccop  no3Boaqex  npepcxasHXb  pesyabxaxbi 
pacaexa  b  yfloSnoM  Aan  noabsoFfaxeaq  bhag  (xgkcxo- 
Boro  ox'iexa,  rpa4)MKOB  n  xaSaHp). 

RpH  noMOiAM  OMK  CRACK  MCcaeAOBaH  pHA  xnnoBbix 
CBapHbix  coGAHMeHHii  cxpeiAMH3Mn,  noay'iGKbi  anaaH- 
xnaecKHe  cpopM'/au  Aaa  pacnexa  KpnxepneB  npo'inoc- 
XM  MGXaHMKn  paspyiUGHMH. 

P03PAXyHK0B0-EKCnEPMMEHTAnbHMM  ME- 
TOA  BM3HAHEHHB  SAnMLUKOBMX  HAnPYXCEHb  V 
3BAPHMX  E/IEMEHTAX  KOHCTPVKUm.  B.  A.  0c3fl- 
•HyK,  I.  B.  Haaap  (flep>K.  yn-r  oJlbuiRChKa  noniTexima», 
M.flhem,  yKpai'Ha).  SanmuKOBi  Hanpyxennfl  xa  Aeitiop- 
Mapii,  mo  BMHMxaioxb  BHacniAox  anapioBanHH  gbg- 
MGHXiB  KDHCXpVKHiM,  iCXOXHO  BnAMBaiOXb  Ha  iX  MiUHicXb, 
XOHHicXb  BI/irOXOBJIBHHH  i  HGCyHy  3AaXHiC.Xb,  Hopes 

cioiaAHicxb  cJjisuKo-xiMiHHMX  npopeciB,  hkhmh  cynponoA- 
xyexbcq  sBapmBaHHq,  MaxGMaxnHHi  moagbI,  U-io  epaxo- 
Byioxb  pi  npouecM  y  Bcin  (x  cyxynnocxi,  A^ioTb  sMory  pos- 
paxysaxn  noxie  aaatiujKOBi/ix  AscfiopManiM  i  nanpiOKGHb 
XiAbKH  B  OKpeMHX  BHnAAKaX.  OcoGAHBi  XpyAHOUli  BHHH- 
Kaioxh  npn  ouiiiLu  aanHiUKOonx  nanpyxenh  b  npoueci 
AiaxHooxyBaHHH  KOHCxpyxuin  i  cnopyA,  ocKi/ibXH  Ha  I'x 
piBGHb,  xpiM  xGXHonori'iHMX  pexnMiB  SBapioBaiiHH,  mtokg 


lacement,  as  well  as  SIF  and  J  ranges  are  used  as 

j  strength  criteria, 

!  The  above  factors  can  be  taken  into  account  in  the  most 
realistic  manner  only  through  appropriate  computer 
systems  oriented  to  the  end  user.  The  CAD  chair  of 
KarSTU  developed  a  CRACK  procedural  program  sys¬ 
tem  (PPS)  implementing  FEM  in  non-linear  definition  in 
terms  of  fracture  mechanics  criteria. 

This  program  system  permits  calculation  of  fracture 
mechanics  criteria  and  solving  plane  elasto-plastic 
problems.  Calculation  procedures  are  based  on  FEM  in 
two-dimensional  definition  using  the  theory  of  flow  and 
deformation  in  the  plane  deformation  and  plane  stres¬ 
sed  state  mode.s,  performed  in  486  and  other  personal 
computers. 

In  this  study  SIF  was  determined  by  the  method  of  total 
energy  and  J-integral.  Various  procedures  are  used  to 
determine  J-integral,  namely  — from  Riesz  depend¬ 
ence,  —  from  Merkle-Korten  dependence,  —  as 

;  a  contour  J-integral. 

i  CRACK  PPS  incorporates  a  preprocessor,  processor 
and  postprocessor.  The  first  includes  preparation  of  ini¬ 
tial  data  and  is  designed  to  help  the  operator  in  forma¬ 
tion  of  the  plane  model  of  the  object  and  its  discretiza¬ 
tion.  The  initial  data  are  the  dimensions  of  the  sample 
and  the  crack,  its  po.sition,  physical-mechanical  para¬ 
meters  of  the  material. 

The  program  system  incorporates  a  data  base,  which 
contains  discrete  models  of  typical  welded  structures.  A 
discrete  model  can  be  displayed  and  printed-out.  CRACK 
PPS  also  provides  the  capability  of  model  scaling. 

The  processor  is  designed  for  analysis  of  welded  struc¬ 
tures  with  cracklike  defects  and  calculation  of  the 
stress-strain  state  of  the  structure,  as  well  as  for  deter¬ 
mination  of  the  fracture  mechanics  criteria. 

The  postprocessor  enables  the  calculation  results  to  be 

I  presented  in  a  format  convenient  for  the  user  (textual 
report,  graphs  and  tables). 

CRACK  PPS  was  used  to  study  a  number  of  typical 
welded  joints  with  cracks,  and  analytical  equations  were 
derived  for  calciilcation  of  the  fracture  mechanics  crite¬ 
ria. 


CALCULATION-EXPERIMENTAL  METHOD  OF  DE¬ 
TERMINATION  OF  RESIDUAL  STRESSES  IN  STRUC¬ 
TURE  WELDED  ELEMENTS.  V.A.Osadchuk,  I.B. Nazar 
(«Lvivska  Po!ytekhnika»  State  University,  Lviv,  Ukraine). 
Re.sidual  stresses  and  strains  developing  as  a  result  of 
welding  the  elements  of  structures,  essentially  influence 
their  strength,  fabrication  accuracy  and  load-carrying 
capacity.  In  viev/  of  the  complexity  of  the  physical-che¬ 
mical  processes  accompanying  welding,  the  mathema¬ 
tical  models  which  take  into  account  the  entire  set  of 
these  processes,  permit  calculation  of  the  field  of  resi¬ 
dual  strains  and  stresses  only  in  some  cases.  Particular 
difficulties  are  encountered  in  evaluation  of  the  residual 
stresses  during  diagnostic  of  the  structures  and  const¬ 
ructions,  as  their  level  can  be  influenced  by  a  whole 
range  of  other  factors,  besidesthewelding  modes.  Non- 
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WELDED  STRUCTURES 


BnuMBaxM  Ljjna  HUSKa  iHiin-ix  HHHUMKiE.  HepyfiHiBUi  (jjia'iiMHi 
MexoflM,  aa  buCihbxkom  npocxMx  BunaflKiB,  xaKox  He  no3- 
Bo;iaK)Tb  BM3Ha4iixM  HOBHy  KapxnHy  posnoflijiy  aa^muKO- 
BHx  Hanpy>KeHb,  Towy  aicryaabHoio  e  npo6jieMa  po3po6Kn 
poapaxyHKOBo-KcnepuMeHxa/ibHMX  wexofliB  BusHaneHHB 
aaBMUJKOBHX  HanpyxcsHb  y  ssapHnx  a’eflHanHOX,  oco6jimbo 
nicriB  HaoxKOBc'f  xepMoo6po6Kn  i  fliamocxyBaHHS  kohc- 
xpyKi^M  B  npoueci  eKcrinyaxauiii  3  wexoso  BHana'iotiHB  'ix 
aa/imiJKOBoro  pecypcy. 

HaBBflGHO  OCHOBU  OflHOro  3  XaKHX  MeXOfllB,  0(0  e  P03- 
BUXKOM  iAe'i  G.  O,  riaxona  npo  BMSHaHSHHV!  3BapioBa;ib- 
HMx  nanpyxceHb  i  netbopManiii  wa  ocHooi  (t)yHKUui  ycap- 
xeHHB.  Bin  rpyHxyexbCfi  na  BMKopncxaHHi  pisuBiib  mg- 
XaHiKMXiP  i3  BPaOHUMM  Hanpy>KeHHBMP,  aXEKOXiHCfiOp- 
Mani'i,  oflepxaHoI  sa  flonoMoroio  eKcnepKwemaabHux 
MexofliB  (c})Oxonpy)KHOcxi,  warHixMoro,  y/ibxpasByKOBO- 
ro,  roBorpat'piHHoi'  iMxepcfiepoMexpli  xoluo). 

Cyxb  MGXOAy  noBBrae  ocb  y  HOMy.  CnoMaxxy  sanucy- 

tOXbCB  OCHOBui  cniBBiAHOLUeHHB  WeXaHixS^ 

Horo  XBepAoro  xijia  3  aa/iMUJKOBUMH  HanpyxenHpMii, 
BXi  OXpUMyiOXbCB  3  Bl'IKOpi'ICXaHHBM  306pa)«GHHB  KOM- 

noHenx  xenaopa  wanoi  AscpopiviauiT  \ejj,  y  BurjisiAi  cyMM 
e-.  =  e®  +  e°,  Ae  e^,  e°  —  KOMnoHSHXH  xenaopa 
siAnoBiAHO  noBHo'i  Aett^opMau'i'i xa  yMOBiinx  nnaoxnnunx 
AGcfiopMauiPi,  HecyMicnicxb  Bxnx  syMOB/iioe  BMnnKneH- 

„  0 

HB  sanniuKoBnx  nanpyxcenb.  flpn  AbOMy  no/ie  e,y  Bpa- 
xonye  xaxoxx  pisnoro  poAy  (|ja30Bi  xa  cxpyKxypni  nepex- 
BopenuB,  mo  cynpo[30A>KyK)xbCB  sMiHoio  o6'eMy  wa- 
xepiaiiy.  3  ypaxyBanuBM  anpiopno'i  in^opMaLiii, 
aoKpewa  npo  AOKaAbHnil  posnoAia  yMOEHiix  naacxnH- 
HMX  Ae(t>npMaAin  6iaB  ujBa,  noae  e°3o6pa>t<aGMo  y  Bi/ir- 
/ifiAi  xenaopa  ttiyuKpi’i,  axa  sanexcnxb  bia  nsBuo'i 
KiBbKocxi  AOBi/ibtinx  napawexpiB.  PloxiM  ukj  <t)yHKniio 
niAcxaB/iBGMo  y  posB'BsyeaBbHi  pIbhbhub  i  6yAVGM0  i'x 
p03B'B3Kn,  mo  aajiexaxb  bia  nesiAOMnx  napawexpiB. 
Ha  ocHOBi  oxpnMannx  posB'BSKiB  xa  BiAnoaiAHMX  cpop- 
Myji  AnP  BM3HaHenHB  nanpyxenb  aanncyoMO  enpaan 
A/IB  o6'incnGHHB  aa/inmKOBnx  nanpyxcenb  b  AOBi/it.Hm 
xoHni  APc/iiAxcyBa/ibHoro  aeapnoro  e.neMenra  kouc- 
xpyKui'i.  y  ui  snpasw  ysiPiAyTb  HCBiAOMi  napaMoxpn,  nxi 

onucyioxb  (pyHKuiio  e°.  An^i  'x  anaxonxenHs?  sMKopiic- 
xosyeMO  iHcpopwaujio,  Bxy  b  neennx  nepepiaax  Moxna 
oxpnMaxn  oahmm  is  eKcnepMMeHxaBbunx  moxoaib  a6n 
3a  AonoMoroto  ix  cnnxeay,  i  6yAyeMo  cpyuKAiona/!, 
MiHiMiaauiB  BKoro  saAesnenye  MiniMa/ibne  eiAxn/iei-iHB 

xeopexn'iHO  o6Hnc/ieHHX  bIa  eKcnepnMeHxajibHnx 
xapaxxepncxMK  noaiB  nanpyoxenb  (soKpewa,  ce- 
peAUboinxerpa/ibni/ix  no  xoBmnni  e/icMenxa  kohc- 
xpyKUji  pi3HMu,h  ro;ioBHnx  nanpyxeiih).  SHanuJoBiun 

HesiAOMi  napaMGxpM,  sanncyeMO  ct)yHKuiio  i  o6h!1c- 
BioeMo  Bci  KOMnonenxM  xensopa  nanpyxenb,  aoKpeMa 
xi,  BKt  HGMoxHaoxpnMaxn  excnepnMGHxanbHO.  Dpn  ubOMy 
o6rpynxoByexbCB  nanexHioxb  saAani  npo  sBanioBanimi  aa- 
AMiiiKOBi  nanpyx^HHB  y  sanponoHOBaniM  nooxanoBAi  ao 
Knacy  o6epnenMX  aaAan,  KopeKxnnx  aa  Tmxohosmm,  i  6y- 
AyioxbCfl  BiAnoBiAni  pery/iapnayioHi  a/iropnxMn, 

3  BMKopncxaHHBM  Aboro  MGXOAy  AocBiAXGHO  poanoAi/i 
aannmKOBnx  nanpyxenb  6inB  KiBbuenoro  SBapnnro  mea 
B  xpyroBivi  i.m/’iHAPnHHii'i  o6o/ioHAi  i  npocxoposnn  poa- 
noAiB  aa/imuKOBHx  nanpyxenb  b  nnaoxunax  3  xpn- 
BOBlnifiHMMM  i  KpyrOBMMM  lllBaMM. 


I  destructive  physical  methods,  except  for  some  simple 
cases,  do  not  provide  a  complete  pattern  of  residual 
stress  distribution,  either.  Therefore,  urgent  is  the  prob¬ 
lem  of  development  of  oalculation-experimental  met¬ 
hods  of  determination  of  residual  stresses  in  welded 
joints,  especially  after  their  partial  heat  treatment  and 
diagnostic  of  structures  in  service  to  determine  their 
residual  life.  Given  below  are  the  fundamentals  of  one 
of  such  methods  which  is  a  development  of  an  idea  of 
E  O.Paton  on  determination  of  welding  stresses  and 
strains  from  shrinkage  functions,  and  is  based  on  the 
use  of  equations  of  the  mechanics  of  bodies  with  inhe¬ 
rent  stresses,  and  the  information  derived  by  experi¬ 
mental  methods  (photoelasticity,  magnetic,  ultrasonic, 
holographic  interferometry  methods,  etc.). 

The  essence  of  the  method  is  as  follows.  First  the  main 
relationships  of  the  mechanics  of  a  deformable  solid 
with  residual  stresses  are  written,  which  are  derived 
from  the  images  of  components  of  a  small  deformation 

tensor  je,yl  in  the  form  of  sum  e^.  =  e®  +  e,y,  where 
e. ,  e°  are  the  components  of  the  tensor  of  total  defor¬ 
mation  and  of  the  conditional  plastic  deformations,  the 
incompatibility  of  v/hich  gives  rise  to  residual  stresses, 
respectively.  Field  also  allov/s  for  various  kinds  of 
phase  and  structural  transformations  which  are  accom¬ 
panied  by  a  change  in  the  material  volume.  Further  on, 
taking  into  account  a  priori  information,  in  particular,  on 
the  local  distribution  of  the  conditional  plastic  deforma¬ 
tions  in  the  vicinity  of  the  weld,  field  e°  is  represented 
as  the  tensor  of  a  function  which  depends  on  a  certain 
number  of  arbitrary  parameters.  Then,  this  function  is 
substituted  into  the  equations  being  solved  and  their 
solutions  are  derived  which  depend  on  unknown  para¬ 
meters.  Expressions  for  calculation  of  residual  stresses 
in  an  arbitrary  point  of  the  studied  welded  element  of 
the  structure,  are  written  proceeding  from  the  derived 
solutions  and  appropriate  equations  for  stress  determi¬ 
nation.  These  expressions  v/ill  include  unknown  para¬ 
meters  which  describe  function.  They  are  defined 
I  using  information  which  can  be  derived  for  certain  sec¬ 
tions  by  one  of  the  experimental  methods  or  through 
their  synthesis,  and  a  functional  is  constructed  whose 
minimisation  provides  a  minimal  deviation  of  the  theo¬ 
retically  calculated  from  experimental  ^  charac¬ 
teristics  of  the  stress  fields  (in  particular,  differences  In 
principal  stresses,  which  are  integral  mean  values  ac¬ 
ross  the  element  thickness).  Having  derived  the  un¬ 
known  parameters,  e°  function  is  written  and  all  the 
components  of  the  stress  tensor  are  calculated,  in  par¬ 
ticular,  those  which  cannot  be  experimentally  derived. 
The  problem  of  residual  welding  stresses  in  the  propo¬ 
sed  definition  belonging  to  the  class  of  inverse  problems 
correct  by  Tikhonov,  is  substantiated,  and  appropriate 
regularising  algorithms  are  plotted. 

This  method  is  used  to  investigate  the  residual  stress 
distribution  in  the  vicinity  of  a  circumferential  weld  in  a 
circular  cylindrical  shell  and  the  spatial  distribution  of 
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CBAPHblE  KOHCTPyKiim 


Ha  ocHOBi  MMceJibHoro  aHa/iiay  aaflan  npo  poanofli;!  aa- 
jiHLUKOBMX  HanpyxeHb  B  TOBCTUX  naacTMHaxa  KpyroRUMH 
I  npaMojiiHitiHiiMn  LUBaMM  BOTaHOBJieHo,  LL(o  HanpyxceHMM 
craH  6iJiB  iubIb  Mae  oS’eMHMfi  xapaiaep,  a  3Ha4Hi 
rpaflleHTH  no  ToeaiUHi  naacTMHH  Haeiib  HeBejinKnx  aa 
piBHeM  HOpMaBhHMX  flO  nOBSpXHi  naaCTHHM  i  AOTHMHMX 
HanpyxceHb  BMKBUKaioTb  cyrreBMM  nepepoanoflm  no  tob- 
mnni  njiacTMHM  inuunx  KOMnoneHT  Tenaopa  nanpyxceHb. 

METOA  BM3HAHEHHSI  SAJimUKOBMX  HAnPY- 
)KEHb  y  MAnCTPA/IbHMX  TPVBOnPOBOAAX. 

B.M.nanaw,  B.M.  lOcbKiB,  A.P.  ja,3io6m  (Mep>K.  yn-T 
xfIbBiBCbKa  noftirexHiKao,  m.  JlbBlB,  VKpalHa).  MipnicTb 
Ta  HaAiMHiCTbTpySonpoBOfliB  aHaHHoio  Miporo  aaaexaTb 
BiA  pl3HOManiTHnx  TexHOBoriBHMX  onepauifi,  oco6ahbo 
aeapioflaHHB.  Mepea  cKAaAHicTb  4)i3MKO-xiMiHHMX  npo- 
ueciB,  BKMMM  cynpoBOA>KyeTbCB  ix  BwroTOBJieHHB,  Aoci 
He  po3po6AeHo  moabaI,  axa  pana  6 aMory  poapaxyeaTM 
none  aaBHixiKOBHX  AetJJopMapii^  i  Hanpy)KeHb  a  ypaxy- 
BaHHBM  Taxnx  npotieciB  y  Bciw  cyxynHocii, 
y  3B'B3Ky  a  UMM  aKTyaAbnoK)  e  poapoexa  poapaxynKo- 
BO-eKcnepnMeHTa.nbHMXMeTOAiB,BKi  HaocHoei  AocTyn- 
Hoi  oKcnepHMeHTaAbHo’l  iHct)opMaAii  aobboahah  6 
BiATBopHTM  MaKcnManbHO  Ha6AHxeHy  xapTHHy  poa- 
noAiny  aaAnujKOBwx  HanpyxeHb. 

Oamh  3  TaKMX  motoaIb  rpyHTyeTbCB  Ha  posB'BsanHi 
o6epHeHHx  aaAaa  MexawixH  Ae(t>opMOBaHiix  Tin  ia  aa- 
AMtllKOBMMM  •  BHKOpHCTaHHl  BKCnepH- 

MeHTanbHot  iH(t)opMauii,  oTpiiMaHoi  aa  AonoMoroto  He- 
pyi^HiBHMX  (piaMHHMX  mbtoaIb, 

BaaoBHMH  e  pIbhbhhb  AetfiopMoeaHHX  TBepAHX  TiA,  bkI 
BpaXOByiOTb  HaBBHiCTb  yMOBHMX  nAaCTHMHMX  AGCpop- 
MauiM,  mo  onMcyK)Tbca  renaopHHM  hoabm  e°.  3  ypaxy- 

BaHHBM  anpiopHoi  iHcfiopMaLii'i  npo  poanoAiA  pnx  as- 
({jopMauiM  6yAyeTbCB  npeAcTaBAeHHH  poaB’aaKiB  npa- 
Mo'i  aaAaMi  i  aanncyioTbCB  BMpaaw  aab  Hanpy^xenb,  b  bkI 

0  r. 

BXOABtb  HBBiAOMi  napaMerpH  noAB  e.-j.  flaa  ix  anaxoA- 
XeHMB  BHKOpHCTOSyeTbCB  eKcnepHMeHTaAbHa  intfiop- 
MauiH  npo  noAe  Hanpyxenb  (aoxpeMa  npo  yoepeAHeni 
xapaKTepucTHKM  KOMnoHeHTiB  TeH3opa  nanpyxeHb)  i 
6yAyeTbCB  4)yHKi4ioHaA,  MiHiMiaaqiB  axoro  3a6e3neMye 
MiHiMaAbHe  BiAXMASHHa  TeopeTMHHO  oSHMCAeUMX  BiA 
excnepMMeHTaAbHHX  xapaxTepMCTHx  noAie  Hanpy- 
xeHHb.  nicAB  anaxoAxceHHB  napaMfiTpiB,  mo  onncytoTb 
noAB  E°,  o6HMCAX)X)Tbca  HanpyjxeHHB  y  aobIai.hIh  Towuii 
eASMeHTa  xoHCTpyxui'i, 

ExcnepHMeHTHAbHy  iHcpopMaAiio  npo  HanpyxeHHPi  craH 
Tpy6onpoBOAy  6yAo  oxpnMaHO  aa  AonoMoroio  yAbipaa- 
ByxoBoro  MexoAV  (ycepeAHeHi  no  TOBm^tBi  sHaHeHHB 
roAOBHMX  HanpyxeHb),  a  xaxox  mstoav  TepMoeAexr- 
popytiiif^HOi  CHAU  (HanpvoxeHHB  Ha  noBepxHi  rpySonpo- 
BOAy).  flAB  BH3HaMeHHB  piBHB  TepMOeAeXTpopyilliMHOI 
CMAH  B  nOAbOBHX  yMOBaX  6yB  p03po6AeHHii  i  BMrOTOB- 
ABHHM  cneuiaAbHMti  npHAaA.  OrpHMaHi  peayAbjaxH  no- 
xaaaAH,  mo  flaunt  poapaxyHxoBO-excnepHMeHTaAbHHH 
MeroA  AoaBOABe  bIatbophtm  noAe  saAMLUxoBMX  nanpy- 
xceHb  MaricrpaAbHHX  rpySonpoBOAie. 


residual  stresses  in  plates  with  curvilinear  and  circum¬ 
ferential  welds. 

NutAei'ical  analysis  of  the  problems  of  distribution  of 
residual  stresses  in  thick  plates  with  circumferential  and 
rectilinear  welds  revealed  that  the  stressed  state  near 
the  welds  is  of  a  bulk  nature,  whereas  the  considerable 
gradients  across  the  plate  thickness  of  even  small  in 
value  stresses  normal  or  tangential  to  the  plate  surface, 
give  rise  to  an  essential  redistribution  of  other  compo¬ 
nents  of  the  stress  tensor  across  the  plate  thickness, 

METHOD  OF  DETERMINATION  OF  RESIDUAL 
STRESSES  IN  MAIN  PIPELINES.  V.M.Palash,  V.M. 
Yuskiv,  A.R.Dzyubik  (“Lvivska  Polytekhnika"  State  Uni¬ 
versity,  Lviv,  Ukraine).  Pipeline  strength  and  reliability 
largely  depend  on  various  technological  operations,  es¬ 
pecially  welding.  In  view  of  the  complexity  of  physical- 
chemical  processes  involved  in  their  fabrication,  no 
model  has  so  far  been  developed  which  would  permit 
calculation  of  the  field  of  residual  stresses  and  strains, 
allowing  for  such  processes  in  their  totality.  In  this  con¬ 
nection,  it  is  urgent  to  develop  design  and  experimental 
methods  which  proceeding  from  the  available  experi¬ 
mental  information,  would  permit  reproducing  the  pat¬ 
tern  of  residual  stress  distribution  as  close  as  possible 
to  the  real  one.  One  of  such  methods  is  based  on  solving 
inverse  problems  of  mechanics  of  deformable  bodies 
with  residual  deformations  and  using  experimental  in¬ 
formation  derived  by  non-destructive  physical  methods, 
The  basic  equations  are  those  of  deformable  solids, 
which  allow  for  the  conditional  plastic  deformations  des¬ 
cribed  by  tensor  field  s?.  Taking  into  account  a  priori 
information  on  these  deformations  distribution,  the  rep¬ 
resentation  of  the  primal  problem  solutions  is  construc¬ 
ted  and  the  expressions  for  stresses,  which  incorporate 
the  unknown  field  parameters,  are  written.  In  order  to 
find  these  parameters,  experimental  information  on  the 
stress  field  (in  particular,  on  averaged  characteristics 
of  stress  tensor  component)  is  used  and  a  functional  is 
constructed  whose  minimising  provides  a  minimal  de¬ 
viation  of  the  theoretically  calculated  stress  field  char¬ 
acteristics  from  experimental  values.  Having  found  the 
parameters  describing  fields  s®,  stresses  in  an  arbitrary 
point  of  the  structural  element  are  calculated.  Experi¬ 
mental  information  on  the  pipeline  stressed  state  was 
I  derived  by  means  of  the  ultrasonic  method  (values  of 
j  principal  stresses  averaged  by  thickness),  as  well  as 
I  the  method  of  thermoelectromotive  force  (stresses  on 
the  pipeline  surface).  A  special  instrument  has  been 
developed  and  made,  in  order  to  determine  the  values 
of  thermoelectromotive  force  in  the  field  conditions.  The 
derived  results  demonstrated  that  the  design-experi¬ 
mental  method  permits  reproduction  of  the  residual 
stress  field  of  the  main  pipelines. 


56 


CBAPHbfE  KOHCTPVKLWl'l 


WELDED  STRUCTURES 


TEOPETMHHl  OCHOBM  OnTMMA/lbHOrO  KEPy- 
BAHH«  HAnpy)KEHO-flE<t>OPMOBAHMM  CTAHOM 
laOTPOnHMX  UM/IIHAPMHHMX  OBOJIOHOK  3  3A- 
/IMlUKOBMMMflEOOPMAIJlIfllMM.  H.  I.  Ro/iiiMyK  (Ih-t 
npnKnaja,.  npo6n.  MexaHim  i  MareMamm  i'm.  R.  C. 
fliflcTpuira'-ia,  m.  /IhBiB,  yxpaiHa).  PosmfiHyTo  roHKy 
iaoTponHy  un/iiHflpHwny  o6o;ioHKy,  BijibHy  Bifl  cn;ioBoro 
HaBaHiaxeHHH  3  noHaTKOBMMi'i  HenpyxHMMM  fle45op- 
MaUiBMM  BKi  BMKBMKaiOTb  SaBmUKOBi  HanpVOKSHMB. 
C/lifl  sayeaxHTM,  aioni  wenpyxHi  noHaTKosifletfiopMaMil 
BMHUKaKDTb  B  ssapHMX  oSojioHKax  nicBB  aasepijjeHHq 
npouiecy  SBaptoBaHHB  i  oxoiiofl>KeHHB  KOHCTpyKnii,  Cra- 
BMTbCR  aafla^a  npo  i^i/ibOBnii  Harpia  jaxol  o6ojioHKti  3 
MerOK)  CTBOpeHHB  flOfiaTXOBMX  TepMOnBaCTHHHMX  fle- 
cpopMauiM  e*'’,  BKi  paaoM  3  noMaTKOBUMM  e'"’  saGesne- 
HyioTb  3H9Tra  a6o  onTMwanbHe  3HM>KeHHsi  piBHB  aajiMLU-  j 
KOBMx  HanpyxcsMb.  i 

CyMapni  HenpyxHi  fle(|)opMai.|ii  ri03naMHM0  wepea 
TO  670 


Po3B’B3aHHq  Lliei  aaflaBi  cioiaflaeTboa  3  abox  nacTHH, 
CnoaaTKy  3  BWKOpucTaHHBM  MOTOfliB  BapiauiMHoro  awe  - 
jioHHB  3  MiniMlsauii  ({jyiiKMioHOJiy  eHeprii  npyxHo'i  fle- 
cpopwaLii'i  BM3Ha4aeTbcq  onTnwa/ibHuf^  posnofli/i  cy- 

Mapnnx  HenpyxHMX  flect)opMaiJiiR  3  posB’qsKy 
BapiauiPiHoi  oaAaHi  oTpuwyeMo  cncTOMy  pisBPHb  Emjib- 
pa,  Bxa  BiAPOBiAas  ywoBaM  cyMicHocTi  HsnpyxHux  ao- 
<})opMaAiii,  i  CMGTeMy  rpaHHHHMxyMOB.  Ana/iia  noxasye, 
140  OnXHMaBbHUMW  TepMOn/iaCTUBHMMM  Ae>t>Op- 

MauiBMM  6yAyTb  pisHi  sa  SHaMeHHnw  aoe  npo- 
Tn/ie>KHi  3a  snaKOM. 

OiiA  aaysaxpTM,  140  ana  oTpuwaHHB  pnx  peay/ibiaTiB 
BMKOpnCTOByBa/lM  XnaCMMHy  Teopito  TOHKMX  060/IOHOK 
i3  sacTocyBaHHBM  rinoTesM  KipxroiJ)a-/1qBa,  a  Taxox 
jiiHiMHufi  aaxon  smIhm  HenpyxcHnx  Aectsopwaum  no  tob- 
mmii  o6onoHKM. 

flpyra  aacTUHa  posB'qaanHB  saAaBi  nonurae  b  no6yAOBi 
pexMMiB  KepoBaHoro  TepMonnacTMMHoro  As^opMy- 
BaHHB  i  CK/iapaeTbCB  3  xpbox  exaniB. 

Ha  nepuioMy  exani  b  iHxepsani  nacy  /,  =  (t  :  0  <  t  <  t^) 
BOB  o6oaoHKa  b  npou;eci  HarpisaHHB  AotfiopMyexbCB 
npyxHo,  ripn  ubOMy  xeMnepaxypue  noae,  bkg  3a6e3- 
newyG  140  Aett’opMyBaHUB,  npnCiMaexbcq  y  Bnr;iBAi 

t(r,  t)  =  a(x)l(r,  t,), 

AO  a  (t)  —  MOi-ioxoHna  SMiHHa  b  naci  cJjyHKniq;  f(r,  x^)  ~ 
xeMneparypHe  nojie  b  MOMeHX  t  =  t,  BxoA>xeHHq  06- 

/lacxi  O  060BOHKH,  A®  SHaxoABXbcB  onxiiManbHi  e'^\  b 
pexcuM  aKTMBHoro  xepMonnacxHHHoro  Aec{)opMyBanHq. 
Ha  ApyroMy  exani  Ha  npoMi)XKy  nacy  /,  =  [t:  x,  >  x  >  X2] 
BnacaiAOK  BiAnoBiAHoro  pex<nMy  HarpiBaHHB  3a6e3nG- 
Hyioxbcq  ywoBM  xaKoro  xepMonjiacxMMHoro  AettsopMy- 
BaHHB,  LAO  npH  X  =  X2  peaiiiayexbcq  poapaxyHKOBMM  on- 
THMajibHiiM  poanoAixi  HenpyKHoi'  Ae<t>op'^aAi’i 
“(n)  '(H)  "(0)  _ 

e  =  e  +  e  =  e  .  BnanaHeHe  xeMnepaxypHe  no;ie 
0AH03BCH0  Mae  3a6e3neMyBaxn  npyxHe  AetJJopMyBaH- 
HB  no3a  MexaMU  o6riacxi  Q. 

ripp  poamBAi  aKTi-iBHoro  xepMonBacxpHMoro  Ae4)op- 
Mi'BaHHB  B  oGjiacxi  n  BMKOpUCXOBytOXbCa  CniBBiAHO- 

ujeHHB  xeopi'i  xeKyMoexi  Miaeca  axib  iAeanbHO  nBacxnM- 


FUNDAMENTALS  OF  OPTIMUM  CONTROL  OF 
STRESS-STRAIN  STATE  OF  ISOTROPIC  CYLINDRI¬ 
CAL  SHELLS  WITH  RESIDUAL  STRAINS.  N.I.Pollshc- 
huk  (Ya.S.Pidstryhach  Institute  for  Applied  Problems  of 
Mechanics  and  Mathematics,  NAS  of  Ukraine,  Lviv,  Uk¬ 
raine).  A  thin  isotropic  cyiindrical  shell  is  considered, 
which  is  free  from  force  loading  and  has  initial  non¬ 
elastic  deformations  e'"”  inducing  residual  stresses. 
Note  that  these  initial  non-elastic  deformations  arise  in 
welded  shells  after  completion  of  the  welding  process 
and  structure  cooling,  A  problem  Is  defined  of  a  purpo¬ 
seful  heating  of  such  a  shell  with  the  aim  of  inducing 
additional  thermoplastic  deformations  e^^‘^  which  toget¬ 
her  with  initial  deformations  e'"”  provide  a  relieving  or 
optimal  lowering  of  the  residual  stress  level. 

Let  us  designate  the  total  non-elastic  deformations  as 
“(0)  , 
e  ,  i.e.: 

‘(0)  = 

Solution  of  this  problem  consists  of  two  parts.  First, 
variational  calculation  methods  with  minimising  of  the 
elastic  deformation  energy  functional  are  used  to  de¬ 
termine  the  optimal  distribution  of  the  total  non-elastic 

deformations  Solution  of  the  variational  problem 
yields  a  system  of  Euler's  equations  which  satisfies  the 
conditions  of  non-elastic  deformation  compatibility,  and 
a  system  of  limiting  conditions.  Analysis  shows  that  such 

thermoplastic  deformations  will  be  the  optimal  ones 

which  are  equal  in  value  to  e^"^\  but  opposite  in  sign. 
Note  that  the  classical  theory  of  thin  shells  with  appli¬ 
cation  of  Kirchhoff-Lyav  hypothesis  and  the  linear  law 
of  non-elastic  deformation  variation  across  the  shell 
thickness  were  used  to  generate  these  results. 

The  second  part  of  the  problem  solution  is  construction 
of  the  mode, 9  of  controlled  thermo-plastic  deformation, 
which  consists  of  three  stages. 

In  the  first  stage,  in  the  time  interval  1^  =  (x  :  0  <  x  <  x^) 
the  entire  shell  deforms  ela,9tically  in  heating.  Here  the 
temperature  field  which  creates  this  deformation,  is 
taken  to  be: 

t(r,  x)  =  a(x)fXr,  x,), 

where  a  (x)  is  the  monotonic  change  of  the  function  in 
time,  t{r,  x,)  is  the  temperature  field  at  the  moment 

T  =  X,  of  shell  region  Q  with  optimal  e*'"'  values,  going 
into  the  mode  of  an  active  thermoplastic  deformation. 

In  the  second  stage  in  time  interval  1^  =  [x:  x.,  >  x  ^  xg], 
as  a  result  of  an  appropriate  heating  mode,  the  condi¬ 
tions  for  such  thermoplastic  deformation  are  provided 
that  at  X  =  X2  the  calculated  optimal  distribution  of  non¬ 
elastic  deformation  e*"’  =  is  achieved. 

The  sought  temperature  field  should  simultaneously 
provide  elastic  deformation  beyond  Q  region. 

When  active  thermoplastic  deformation  In  fi  region  is 
considered,  the  relationships  of  von  Mises  flow  theory 
for  ideally  plastic  bodies  are  used.  The  temperature 
fields  are  selected  so  that  plastic  deformation  corres- 
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HMXTi/i.  TewneparypHi  nom  nlASupaioTi.TaKMM  '■imhom, 
mo6  naacTMMHe  AecpopMyBaHHn  BifinoBiflaao  HeneJiB- 
KOMy  0KOByct)iKCOBaHoiTOMKM  noBepxHireKyHocTi  Miae- 
ca.  y  paMKaxTaxoro  o6Me>KenHByM0BaTeKyM0CTi  Miae- 
ca  Ta  acouifioBaHMM  a  neio  aaxoM  naacTiiHHoro  TeMinHB 
jiineapnayeTbCfi  b  oxoai  AocBifl>KyBaHoiToMKH  noeepxHi 
TexyHOCTl.  TeMnepaxypHe  noBe  b  oSaacTi  npyxcuorofle- 
(t>opMyBanHB  Ha  npowixcKy  I2  BManaMaeTbCfi  a  poaB’Baxy 
BiflnoBiAHo'i  BapiaAiHHo’i  3aAa‘^i  Ha  MiHiMiaapiio  npy)KHo- 
ro  cxaHy  aa  KpiixepieM  cpyRKpioHa/iy  eneprii  cpop- 

MOaMiHM. 

Ha TpeTbowy«Tani  HarpiBaHHB  o6obohkm  p,ni\  iHxepBa/iy 
Macy  /g  =  (x:  T  >  X2)  aaTewineparypHe  noBe,  Bxe  33603- 
neRyG  npyxne  po3BaHTax<eHHB  o6BacTi  npyxHoriBac- 
TMHHoro  AG4)opMyBaHHq  Q  npH  npyxMOMy  Aeft'opMy- 
BaHni  P0LLJTM  060B0HKM,  npufiMacTbCB  TeMnepaxypHe 
none,  oxpHMyexbcn  b  yMosax  npnpoAKoro  oxoboa- 

XCellHB  060BOHKM, 

SanponoHOBaHi  xeopexMMHi  oohobh  poaB'naanHq  aa- 
Aani  onxHMaBbHoro  KspyeaHHB  ManpyxeHo-Ae(t>opMo- 
BaHHM  cxanoM  xoHKHX  iaoxponnHX  060BOHOK  ia  aaBMOJ- 
KOBHMM  AeCt)OpMaHiBMH  A^BH  MO>ICBl'IBiCTb  3HBXM  33- 
BHiAKOBi  HanpyxeHHH  B  oKOBax  MepHAioHaBbHoro  i 
KiBbpeBoro  nepexHHiB. 

snnm  tepmihhoI  obpobkm  ha  smihv  sa/imui- 

KOBMX  SBAPIOBAJIbHMX  HAnPYXfEHb  I  KO- 
POaiMHVBTOMy  (a+p)-Cn/IAByTMTAHy.  B.  I.  Pox- 
MypcbXMei,  O.  C.  KanaxaH  (0i3.-Mex.  in-T  /m.  E.  B. 
KapneHxa,  M./lbsiB,  yKpawaj.  flpH  eKcnByaxaAii  kohc- 
xpVKUlM  ia  nceRAO-a-cHBaBiB  BHBBneHO,  mo  aacxocy- 
BaiiHB  xepMiHHo'i  o6po6KH  Ann  3hbxxb  aaBHLUKOBMx  sea- 
pioBaBhHHX  Hanpyxenb  He  xlBbXH  He  rilABHinye 
HaAiMHicxb  i  AOBXOBiHHicxb  KOHcxpyKpiPi,  ane  b  pnA'  bw- 
naAxiB,  oco6bhbo  npH  BiiKopHcxanHi  BnooxoMiuHHX 
nceBAo-a-cnnaBiB  xi/txany,  Kaxacxpocpi'-iHo  aHHXcye  cxa- 
XHHHyxauHKBiHHyMiUNicxbBnpo6iR,  um  GKcnByaxyioxb- 
cfl  B  KopoaiMHOMy  cepeAOBHtAl- 

Mexa  po6oTM  —  bhbhhxm  bhbmb  xepMiHHo'i  o6po6kh  pj]p. 
3Hnxxn  saBHUJKOBHX  aeapioBaBbHHX  nanpyxeHb  na 
BXOMHe  pyHnyBaHHH  xMxaHoBoro  (a+pj-cnBaoy, 
SHKopHcxoByBaBH  AetpopMoeaHuti  y  p-  ja  {a+p)-o6- 
BacxBX  CDBaB,  LAO  MicxMB  5  %  Al;  1,5  %V;  1  %  Mo 
(bhcxh  3  cTg  =  913  Mfla.  “  882  Mfla,  6=13  %, 
v(/  =•  31  %,  KCV  -  64  p,>K/CM  xa  KonanHM  cnnaB  a  = 

=  1010  MHa,  =  900  MHa,  8  =  12  %,  >]<  =  35  %, 
KCV  ~  41  M^k/cm).  SeapHi  a'eAHaKHB  oxpviMyBanH 
cnoco6oM  eBeKxpoHHO-npoMeHenoro  aBaptoBaHHB, 
SpaaKM  ni,AAaBaBn  HenoBHowy  BiAnany  npH  xeMnepa- 
xypi  675  'C  npoxflroM  10  xoa. 

BHnpoOyeaHHB  nposaAnnH  Ha  cxanAapxHHX  ahbIha- 
pMHHHX  apaaxax  a  Ai^f^oTpoM  po6oHoi  HacxHHH  5  mm 
xa  a  V-noAi6HHM  xiBbueBHM  BMpiaoM  (p  =  0,5;  = 

=  1,99)  npn  HaBaHxaxeHHi  hhoxmm  axHHOM  a  oOepxaH- 
HBM  y  noBixpi  xa  b  3%-My  poaMHHi  NaCI. 

BcxaHOBBeno,  mo  okchahI  nniBKH,  nxl  cclmpMyBaBHCB 
npM  HenoBHOMy  BiAnani  cnBaay  —  minbHi,  Ao6pe  anen- 
BeHi  a  noBepxneio.  ToniAHHa  ix  sMiHioDaBacn  y  Mexcax 

3.. .  1  2  MKM,  OCHOBHOKD  CpaaOBOlO  CKBaAOBOlO  OKCHAHHX 
HBiBOK  e  pyxHB  Ti02.  rBn6MHa  raaoHacHHeHOi  30hh  cb- 
ra/ia  «60  mkm,  noBepxHesa  MixpoxBepAicxb  — 
6,0. .,6,1  rna  npH  MiKpoxBepAocxi  cepueEHUH  cnnaBy 

4. 8. . .4. 9  rna.  riicna  siAnany  cxpyxiYpa  ocHOBHoro  Me-  ! 


ponded  to  a  small  area  around  a  fixed  point  of  von  Mises 
yield  surface.  In  terms  of  such  a  limitation,  von  Mises 
criterion  and  the  associated  law  of  plastic  flow  are  line¬ 
arised  in  the  vicinity  of  the  studied  point  on  the  yield 
surface.  The  temperature  field  in  the  region  of  elastic 
deformation  in  /j  interval  is  determined  from  the  solution 
of  the  respective  variational  problem  for  minimising  the 
elastic  state  by  the  criterion  of  the  shape  change  energy 
functional. 

In  the- third-stage  of  the  shell  heating  for  time  interval 
/g  =  (x;  T  >  Xg)  the  temperature  field  derived  under  the 
conditions  of  natural  cooling  of  the  shell,  is  taken  to  be 
the  field  which  provides  elastic  unloading  of  the  region 
of  elasto-plastic  deformation  W  with  elastic  deformation 
of  the  rest  of  the  shell. 

The  proposed  theoretical  fundamentals  of  solving  the 
problem  of  optimal  control  of  the  stress-strain  state  of 
thin  isotropic  shells  with  residual  deformations,  enabled 
relieving  the  residual  stresses  In  the  vicinity  of  the  me¬ 
ridian  and  circular  sections. 


EFFECT  OF  HEAT  TREATMENT  ON  CHANGES  IN  RE¬ 
SIDUALWELDING  STRESSES  AND  CORROSION  FA¬ 
TIGUE  OF  (ALPHA+BETA)  TITANIUM  ALLOY.  V.I.Pok- 
hmursky,  O.S.Kalakhan  (H.V. Karpenko  Phys.-Mech. 
Inst.,  NAS  of  Ukraine,  Lviv,  Ukraine).  Service  of  struc¬ 
tures  from  pseudo-alpha  alloys  revealed  that  heat  tre¬ 
atment  performed  for  relieving  the  residual  welding 
stresses  not  only  does  not  improve  the  reliability  and 
fatigue  life  of  structures,  but  in  a  number  cases,  espe¬ 
cially,  in  the  case  of  high-strength  p.seudo-alpha  titani¬ 
um  alloys  catastrophically  lowers  the  static  and  cyclic 
strength  of  the  items  exposed  to  corrosive  medium  in 
seivice. 

The  purpose  was  to  study  the  influence  of  the  heat 
treatment  to  relieve  the  residual  welding  stresses  on 
fatigue  fracture  of  (a-hp)  titanium  alloy.  An  alloy  defor¬ 
med  in  the  p  and  (a-l-p)  regions  with  5  %  Al;  1,5  %  V; 
1  %  Mo  (sheets  with  o,  =  913  MPa,  Oy  =  882  MPa,  8  = 
=  13  %, »(/  =  31  %,  KCV  =  64  J/cm  )  and  a  forged  alloy 
with  Cj  =  1010  MPa,  rs  —  900  MPa,  6  =  12%,  '(/ — 
=  35  %,  KCV  =  41  J/cm'^  were  used.  The  welded 
joints  were  produced  by  electron  beam  welding  (EBW). 
The  samples  were  partially  annealed  at  the  temperature 
of  675  ’C  for  10  hours.  Testing  was  conducted  on  stand¬ 
ard  cylindrical  samples  with  5  mm  gauge  diameter  and 
V-shaped  circular  notch  (p  =  0.5;  =  1.99)  loaded  by 

pure  torsion  bending  in  air  and  in  3  %  NaCI  solution. 

It  is  found  that  the  oxide  films  which  formed  at  partial 
annealing  of  the  alloy,  are  dense,  and  adhere  well  to 
the  surface.  Their  thickness  varied  from  3  to  12  pm.  The 
main  phase  of  the  oxide  films  is  TiOg  rutile.  The  depth 
of  the  gas-saturated  zone  was  approximately  60  pm, 
surface  microhardness  being  6.0  to  6.1  GPa  with  4.8 
to  4.9  GPa  microhardness  in  the  alloy  center.  After  an¬ 
nealing  the  base  metal  structure  was  practically  unchan¬ 
ged,  ju.st  the  number  of  small  globules  along  the  former 
p-grain  boundaries  increased. 

It  is  shown  that  the  rolled  stock  samples  have  high  fa- 
j  tigue  properties  (cj_^  =  470  MPa,  O.SIctj),  thealloy,  how- 
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Tajiy  npaKTHHHo  He  3MiHHjiacn,  /iHiue  36i/ibujnnacq 
KiJibKiCTb  flpi6Hi<!x  r;io6y;i  na  rpaHiiu^x  KOjiHUJHix  p-ae- 
peH. 

rioKaaaHO,  u^o  apasKM  3  npoKary  BM5!BJiHioTb  BMCoxi 
noKasHHKH  BTOMHWX  xapaxTepHCTMK  (a_,  =  470  Mria, 
0,5 lOg),  oflHaK  cnaaB spyxce  HyrjiMBMM  flo  KOHneHTpaui'i 
HanpyxeHb,  Onip  btomI  HaflpisaHHX  spasKis  3hh- 
>KyeTbCfi  flo  1 50  Mfla,  ecpeKTWBHHH  KoecpipieHT  kohush- 
Tpaqii  HanpyoKenb  npM  Ubowiy  CTaHOBMTb  3,1. 

Biflnaa  npwaBOAMTb  flo  oKpHxneHHB  flocaiflJxyBaHoro 
cnaaBy  b  nooiTpi: 

•  onip  BTOMi  maflKMx  spasKis  ocHoBnoro  Merany  3hm- 
jKyeTbCB  Ha  20Ta  15  %  abb  maflKoroaBapHoros’efluaHHB; 

•  rpaHMUB  BTOMH  SBapHOTO  3'eflHaHHB  l3  KOHCTpyiCTMB- 
HMM  KOHuempaTopoM  HanpyxeHbSHMxy'eTbCB  b  2,3  pa- 
3M  (=  60  %  a_^  HeBiflna/ieHoro  apasKa),  uuo  o6yMOBBeHo 
BHyrpiujHiMM  CTpyKTypHUMH  fletfieKTaMM  aBapHoro  uiea, 
saamuKOBMMH  HanpyxceHHBMW. 

BMBBaeHo  HeoflH03HaHHHM  Bunm  BiAnaay  Ha  Koposifino- 
BTOMHy  MiuHicTb  cnjiaBy  Ta  Moro  asapuHx  a'eflHaiib: 

•  SHHxeHHBflo  40  %  rpaHMui  KopoaiHHo'i  btomh  ochobhoto 
Merany,  Lpo  noB’aaaHo  3  yraopenunM  b  crpyiaypi  nepefl- 

BMAiJISHb  02-Ct>a3H  73  3  HaBBUiCTK)  B  npHnOBSpXHeBHX 

Luapax  OKCHAV  AljOg,  bkmh  Heyrsopioe  craOiAbHoi  cno- 
jiyKM  3  Ti02,  a  raKOK  rpannnb  btomh  apaaxiB  3  xonpen- 
rparopaMM  Hanpy>!<eHb  ocnoBHoro  Merany  ra  tioro 
asapHHX  3’eAHaHb; 

•  BiAnan  aeapHUX  3’GAnaHb  He  noripujye  fx  xoposlilHo- 
BTOMHy  MiLiHicTb  BHacAiAOK  poBoapy  MapreHCHTHoT  o'(a")- 
(J)a3H  B  Merani  mea  ra  b  aoni  repMiHHoro  BnnHsy  3 
BMAinenHHM  KoposiMHO  ManoaxTHBHMx  AncnepcHMX 
HacToK  craOinbHHX  a-  ra  p-cpaa. 

Peay/ibrarH  AocniA>KeHb  aHaniaytorbOB  moAo  Mo>iain- 
BHX  npMHHH  HeoAHosHaHHoro  BnnMBy  nenoBHoro  BiAna- 
ny  Ha  btomhb,  KopoaiMiio-BroMHe  pyRnyEaHHa  THrano- 
Boro  (a+p)-cnnaBy  ra  iloro  aeapHiix  3’eAHaHb. 

KOMnbK>TEPHA$l  CMCTEMA  KOHCTPYKTUBHO- 
TEXHO/lOrUHECKOrO  nPOEKTMPOBAHHq  CBAP- 
HbIX  KOHCTPyKl|MM.  A.  H.  CepeHKO  (Rpmsoe.  roc. 
rexH.  yH-T,  r.Mapuynojib,  yxpama).  CosAanMe  CBap- 
HblX  KOHCTpyKHMH  saAaHHOfi  HapeXHOCTM  npH  MHHM- 
ManbHOpi  CTOHMOCTH  TpeSyST  KOMJieKCHOro  KOHCrpyK- 
THBHo-rexHonorHMecKoro  npoeKTHpoeaHHB,  npM 
KOTOPOM  Bonpocbl  npOHHOCTH  M  HaAeJKHOCTM  yBB3blBa- 
lOTCB  c  oco6eHHOcTBMM  (pHBHHecKHX  npopeccoB,  npo- 
reKaioiAHx  b  Meranne  noA  BosAeilcTBHeM  rexHonorM- 
HBCKHX  npOUeCCOB,  B  OCo6eHHOCTH  CBapOHHbtX. 
flnn  Bbi6opa  HaMnyHmiix  Bapi-ianroB  KOHcrpyKTHBHoro 
oc})opMneHnq  npoexTHpyeMoro  yana  m  rexHonorHHecKMX 
napawerpoB  cOopoMHo-oBapoMUbix  onepapMCi  Heo6xo- 
AMMo  HcnonbaoBarb  MeroAbi  eapHanTHoro  npoexTHpo- 
BaHMB  M  onrHMMaapHH,  ocHOBaHHwe  Ha  noHcxe  rno6anb- 
Horo  onTHMyMa  oSoSmeHHofi  ueneBoCi  (pyHKUMH. 
CoBpeMeneHHbie  rexHHHecxHe  h  nporpaM?i/iHbie  cpoA- 
CTBa  nepcoHanbHbix  KOMnbioTepoB  noaeonBior  cosAa- 
Barb  HHcpopMapHOHHyio  noAAep>KKy,  HeoexoAMMyio 

AAB  npMHBTHH  peUJeHMM  PpH  KOHCTpyKTHBHO-TeXHOno- 
THMeCKOM  npoeXTMpoBaHMH  CBapHbIX  KOHCrpyKUMfi. 
TpyAHOCTH  coapaHHB  raKoti  cMcreMbi  cBBsanw  b  oc- 
HOBHOM  C  yBBSKOM  pa3H006pa3HblX  MareMaTHMeCKMX 
MOAeneCi,  onMCbieaioutHX  BBneHUB  m  npopeccbi,  bo3- 
HHKaioAtHe  xax  npH  BbinonneHHH  c6opoHHo-cBapoHHbix 
onepapHM,  rax  b  nepMop  ^ocneAV^ome^^  sKonnyarauHH 
CBapiHOH  KOHCrpyKUHM. 


ever,  being  highly  sensitive  to  stress  concentration.  The 
fatigue  resistance  of  notched  samples  drops  to 
150  MPa,  the  effective  stress  concentration  factor 
being  3.1  in  this  case. 

Annealing  leads  to  embrittlement  of  the  studied  alioy  in 
air;  fatigue  resistance  of  smooth  samples  of  the  base 
metal  decreases  by  20  %  and  that  of  the  smooth  welded 
joint  by  15  %,  fatigue  limit  of  the  welded  joint  with  the 
structural  stress  raiser  decreases  by  2.3  times  (»  60  % 
ofir_,  of  unannealed  sample)  which  is  due  to  inner  struc¬ 
tural  defects  of  the  weld  and  residual  stresses. 

A  complex  influence  of  annealing  on  corrosion  fatigue 
strength  of  the  alloy  and  its  welded  joints  was  found, 
namely  lowering  to  40  %  of  the  base  metal  corrosion 
fatigue  limit  which  is  related  to  formation  of  aj-phase 
preprecipitations  in  the  structure  and  the  presence  of 
AI2O3  oxide  in  the  subsurface  layers,  which  does  not 
form  a  stable  compound  with  TiOg,  as  well  as  of  fatigue 
limits  of  the  samples  with  stress  raisers  of  the  base 
metal  and  Its  welded  joints; 

annealing  of  welded  joints  does  not  impair  their  corro¬ 
sion-fatigue  strength  as  a  result  of  decomposition  of 
martensite  a’(a'')-phase  in  the  weld  metal  and  in  the 
heat-affected  zone  with  precipitation  of  low-corrosive 
disperse  particles  of  stable  a-  and  p-phases. 

The  results  of  investigations  are  analysed  for  the  pos¬ 
sible  causes  of  the  complex  influence  of  partial  annea¬ 
ling  on  the  fatigue  and  corrosion-fatigue  fracture  of 
(a+p)  titanium  alloy  and  its  welded  joints. 


COMPUTER  SYSTEM  OF  DESIGN-TECHNOLOGICAL 
DEVELOPMENT  OF  WELDED  STRUCTURES.  A.N.Se- 
renko  (Priazov.  State.  Techn.  Univer.,  Mariupol,  Ukrai¬ 
ne).  Creation  of  welded  structures  of  the  specified  re¬ 
liability  at  minimal  cost  requires  an  integrated 
development  of  their  design  and  technology  when  the 
issues  of  strength  and  reliability  are  correlated  with  the 
features  of  the  physical  processes  running  in  the  metal 
under  the  impact  of  the  technological  factors,  especially 
welding  factors.  In  order  to  select  the  optimal  variants 
of  design  of  the  developed  assembly  and  technological 
parameters  of  assembly-welding  operations,  it  is  ne¬ 
cessary  to  use  the  methods  of  variant  de-sign  and  opti¬ 
misation  based  on  the  search  for  a  global  optimum  of 
the  generalised  efficiency  function. 

The  up-to-date  hardware  and  software  means  of  per¬ 
sonal  computers  permit  elaboration  of  information  sup¬ 
port  required  for  taking  decisions  In  development  of 
the  welded  structure  design  and  technology.  The  diffi¬ 
culties  in  creation  of  such  a  system  are  mainly  related 
to  correlation  of  various  mathematical  models  descri¬ 
bing  the  phenomena  and  processes  encountered  both 
in  performance  of  the  assembly-welding  operations  and 
during  the  subsequent  service  of  the  welded  structure. 
Given  the  general  procedure  of  searching  for  the  solu¬ 
tion  of  the  defined  problem,  the  system  should  be  cre¬ 
ated  step-by-step  using  up-to-date  tools,  for  instance 
DELPHI,  which  provide  a  WINDOWS-oriented  user  in- 
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C  yweroM  o6a;oM  cxGMhi  nowr-Ka  peiiieHiin  nocTaB/ieH- 
Hoft  aaflaMM  Heo6xoAHMO  nosTannoe  cosA^HMe  chcts- 
MbI  npM  nOMOlUH  COBpeMGHHblX  PHCTpyMeHTa/IbHblX 
cpeflcTB,  HanpMMep  DELPHI,  KOTopbie  noaeo/iaioT  no- 
jiyHaTb  WINDOWS-opneHTHpoBaHHbm  MHTepcj^ewG 
nojibaoBare/ifi,  BBOflUTb  6a3bi  flaHHUx  b  o6LnenpMHfiTbix 
cfiopMaTax,  H 0 n 0/1  b30 Barb  MoiUHhie  nporpaMWbi  Mare- 
MaTnyecKoti  noA.aepxKH  (Hanpuiviep  MATHCAD). 
OflHPM  P3  ocHOBi  ibix  MOfly/iOM  pa3pa6aTbiBaeMOM  ciio- 
TOMbi  BBBBGTcn  Mofly/ib  BepoBTHOcTHoo  oueiiKM  Hecy- 
mefi  cnoco6HOCTM  KOHCTpyKUMn  na  ocHose  onpeflGBe- 
HMB  HanpBxeniio-Aect)opMwponaHHoro  coctobhub 
cBapubix  coefluiieHUW  npH  paa/iM'iHfaix  cxeiviax  Buetii- 
Hero  BoafleiicTBPFi.  3afla‘ia  peiiiaercB  xax  nocpeflc- 
TBOM  Mcno/ibBOBaHMB  TOTOBbix  npo/paMMUbix  npoflyx- 
TOB  cooTBeTCTfiyiouiero  HaBHa-ieHPB,  rax  n  criei.iBaBbBO 
coaflaeaeMbiMM  motoasmh  ynpouJ.oHHoro  noiicKa  kom- 
noHGHT  HanpnxeHHii  b  noKa/ibHbix  o6/iacTBX  c  yHOTOM 
M3MeHBIOLl|WXCB  MGXaHMBGCKMX  XapaiCTOpMCTOK  MaTO- 
pna/ia  (na  ocHOBeTeopnii  MaKpoHanpsixeiiMM)  noA  ooa- 
AOBCTBUOM  nponecoa  CBapKH, 

IVIEXAH0-K0PP03M0HHA5?  HAflE>KHOCTb  M 
flOJirOBESHOCTb  CBAPHbIX  CTA/lbHbiX  3/IE- 
MEHTOB  M  ySilOB  HECyiUHX  KOHCTPyKUMM 
MOPCKMX  HE<0TErA3OnPOMblC,n0BblX  COOPy- 
XEHM^i.  A.  X.  CMUPHOB  (ppy  HP  MM.  H.  M.  rydmHa, 
r.MocKBa,  P0).  OcBoeuMe  MopcKnx  HoitireraaoBbix 
MocTopoxAenMM  KOHTMHenTanbiioro  ujenb(i)a  othocmt- 
cB  K  BMO/iy  npMopuTenibix  saAaM.  B  HacTosimee  BpeMB 
oKOJio  40  %  MMpoBOM  AofibtBM  yr/isDo/iopoAOB  npMXO- 
AMTcb  Ha  uie/ibcj)  Mopeti  n  oKeaiion.  PoccMMCKaa  t)3e- 
AepauMB  MMeoT  HaM6ojiee  o6uJMpnbiM  Lue/ibcfi,  cociaB- 
ABiomnii  5  M/iH  KM^,  Ha  KOTopoM  B  nepecMSTe  Ha 
yc/ioBHoe  Ton/iMBo  cocpeAOTOHeno  ao  100  mapa  t  yr- 
AOBOAOPOAOB.  HTO  COCXaSABeT  TpOTb  MMpOBblX  Mopc- 

KMX  aanacoB  hocJjth  m  raaa.  TexHiiMocKMe cpeAOTBa 

OOBORHMB  LHe/lbCf)a,  K  KOTOpbIM  B  HepsyK)  OMOpOAb  OT- 
HOCBTCB  MopcKMe  He(|)Tera3onpoMbicB0Bbie  coopyxc- 
HMB  (MHrC)  aKcn/iyaTMpyioTCB  B  yc/ioDMBX  sKCTpo- 
MaabHbix  TGXHOAorMHeoKMX,  npopoAHhix  HarpyaoK  m 
bosagmctbmm. 

HaAexHQCTb  h  AO^fooeHUOcTb  MHrc  onpeAeABOTCB 

AGBblM  pBAOM  (fiaKTOpOB  H  MX  BSaMMOAGMCTBMBMM,  B 
TOM  BMCAG  B.nMBHMeM  MOpCKOti  BOAbI  KaK  KOppOSMOH- 
HO-aKTMBHOM  CpGAbl  Ha  KOMH/IBKC  OCHOBHbIX  SKCBBya- 
TaHMOHHblX  CBOHCTB  (CTaTHHOCKaB  npOHHOCTb  M  AOAro- 
BGMHOCTb)  CBapHhIX  COGAMHGHMM  M  ySBOB, 

npeABaraeTCB  cMcreMUbiM  ooaxoa,  6a3MpyioiAMMCB  Ha 
OCHOBHbIX  npHHAMnaX  MOHMTOpHHra  CBapHbIX  KOHC- 
TpyxnMM,  cJjyMKUMOHMpyioLUMX  B  arpGCCMBHbix  cpeAax, 
KOTOpblR  SaKAlOMaeTCB  B  npMMGHGHMM  KOMHAeKCa  CKO- 
OpAMHMpOBaHHblX  MGponpMBTMM  OpM  npOBGACHMM  RO- 
MCKODblX  M  HayBHO-MCC/IGAOBaTeabCKMX  paOoT  na  Bcex 
craAMBX  npoGicrMpoBaHMB,  cTpoMTOBbCTBa,  oKcnnya- 
xauMM  M  yrMAMsauMM  MUrC  m  BK/nonaeT  caeAyioiAMe 
6aoKM: 

•  o6o6meHMe,  CMCTGMaTMaauMa  m  ana/iMS  peay/ibTaroB 
MGXaHMMGCKMX,  K0pp03M0HHblX,  K0pp03H0HH0-MexaHM- 
HGOKMX,  B  TOM  MMOIIG  KOppO3M0HI lO-yOTaAOCTHbIX  MCflblTa- 
HMM  CBapHbIX oSpaSUOB-MMMTaTOpOBTMnOBblXSAeMGHTOB, 

MOAGJieti  ys/ioB  m  (J^parMoiiTOB  KoiicTpyKumi,  AOHUbix  o6- 
CAGAOBanMM  npM'iMH  aBapMM  M  KaTacTpocJ)  aiia/iorMMHbix 
o6bieKTOB; 

•  aHa/lM3  npMpOAHO-K/IMMaTMMGCKMX  M  rMAPOMeTGOpOBO- 
TMHGCKMX  OCofieHHOCTGil  HGcj/TGraSOHOCHOM  aKBaTOpMM, 


terface,  permit  entering  the  data  taase.B  in  the  universally 
accepted  formats,  and  use  of  pow/erful  mathematical 
support  programs  (for  instance,  MATHCAD). 

One  of  the  main  modules  of  the  developed  system  is 
the  module  of  probabilLstic  evaluation  of  the  load-car¬ 
rying  capacity  of  the  structure  based  on  determination 
of  the  stress-strain  state  of  welded  joints  with  various 
external  impact  schematics.  The  problem  is  solved  both 
by  means  of  ready  software  for  appropriate  purpose 
and  specially  developed  methods  of  a  simplified  search 
for  stres.s  components  in  the  local  areas  allowing  for 
the  changing  mechanical  properties  of  the  materials 
(based  on  macro.stresses  theory)  under  the  impact  of 
the  welding  process, 


MECHANICAL-CORROSION  RELIABILITY  AND  FATI¬ 
GUE  LIFE  OF  WELDED  STEEL  ELEMENTS  AND 
MEMBERS  OF  LOAD-C.ARRYING  STRUCTURES  OF 
OFF-SHORE  OIL  AND  GAS  PRODUCTION  CONST¬ 
RUCTIONS.  A.Kh. Smirnov  (I.M. Gubkin  RSU  NG,  Mos¬ 
cow,  Russia).  Ma.sfering  of  off-shore  oil  and  gas  fields 
on  the  continental  shelf  is  one  of  the  priority  tasks.  About 
40  %  of  the  world  production  of  hydrocarbons  is  cur¬ 
rently  located  in  the  sea  and  ocean  shelf.  The  Russian 
Federation  has  the  most  extensive  shelf  of  5  min.  km^, 
in  which  up  to  100  bln,  tons  of  hydrocarbons  in  fuel 
equivalent  are  concentrated,  this  being  equal  to  one 
third  of  the  world  sea  deposits  of  oil  and  gas.  The  tec¬ 
hnical  facilities  for  mastering  the  shelf,  which  first  of  all 
are  the  off-shore  oil  and  gas  production  constructions 
(OSOGPC)  are  operated  under  the  conditions  of  extre¬ 
me  technological  and  natural  impacts 
The  OSOGPC  reliability  and  fatigue  life  is  determined  by 
a  number  of  significant  factors  and  their  interaction,  in¬ 
cluding  the  influence  of  sea  water  as  a  corrosive  medium 
on  the  set  of  the  main  service  properties  (static  strength 
and  fatigue  life)  of  welded  jointe  and  components. 

A  systemic  approach  is  proposed  based  on  the  main 
principle.s  of  monitoring  the  welded  structures  functio¬ 
ning  in  aggressive  media,  which  consists  in  taking  a  set 
of  coordinated  measures  in  performance  of  the  feasi¬ 
bility  studies  and  research  at  all  the  stages  of  OSOGPC 
design,  construction,  operation  and  salvaging  and  in¬ 
cludes  the  following  blocks: 

•  generalisation,  systematising  and  analysis  of  the  results 
of  mechanical,  corrosion,  corrosion-mechanical  tests,  in¬ 
cluding  corrosion-fatigue  testing  of  welded  samples -simu¬ 
lators  of  typical  element-s,  models  of  assemblies  and  frag¬ 
ments  of  the  structures,  data  of  investigation  of  causes  for 
accidents  and  collapse  of  similar  facilities; 

.  analysis  of  the  natural,  climatic  and  hydrometeorological 
features  of  the  oil-  and  gas-bearing  v/ater  area,  including 
the  results  of  full-scale  corrosion  and  corrosion -mechanical 
testing  for  evaluation  and  forecasting  of  the  schematic, 

natureanddynamricsof  individual  ser/ice  failure  of  elements 
and  components  of  the  facility,  selection  oftheanticorro,sion 
protection  system,  determination  of  the  effectiveneas  of 
special  methods  of  the  joints  treatment,  etc.; 
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B  TOM  HMC/ie  peOy/lbTaTbl  HaTypHWX  KOppOaHOHHblX  M  Kop- 
posMOHHo-MexaHMHecKwx  McnbrraHuCi  oAeHKW,  nporno- 
SMpOBaHH^  CXGMbI,  XapaXTBpa  M  flUHaMHKH  HHflMBHAya/lb- 
HorooKcrviyaTauMOHHoro  paapyiueHUB  s/teMeirroB  n  yaaoe 
o6beKTa,  Bbtfiopa  CMCTeMU  aHTHKoppoauoMHoii  aaiuHTbi, 
onpefle/ieHUB  scptpeKTMBHOCTU  ncnoiibaoBauMB  cneuna/ib- 
Hbix  MeToflOB  o6pa6oTKn  coeflHneHuJi  m  np.; 

•  Bbl6op  KOHCTpyKTMBHbIX  l|)OpM,  MaiepHanoB  H  TeXHOJlO- 

rnfi  c  yMBTOM  Heo6xoAHMocTM  AocTHXceuMn  AocxaTOMHoro 
ypoBHB  noKaaaTeAevi  MexaHM'iecxvix,  KoppoanoHHWx  n 
KoppoanoHHo-MexaHUHecKHX  xapaiaepucTMK  ceapHbix 
aaeMeHTOB  m  yaaoB  c  y-ieioM  3!p4)eiaM0HocTM  m  Aoaro- 
BeHHOCTM  aHTMKOppOSMOHHblX  MeponpMBTHM,  a  TaKxe  ue- 
/lecooSpasHOCTb  npHMSHeHUB  paariMMHbix  yjiyniiiaioiuMX 
TexHOAoruHecKnx  nocaecsapoHUbix  BoaAeiicTBMfi; 

•  pa3pa6oTKa  (Bbi6op)  TexHoaorUM  m  opraHMaaAHB  noone- 
paAMOHHOro  KOHTPOBH  33  npOABCCOM  CTpOMTeabCTOa  M 
MOHTaxa  MHrC  b  ueanx  AocTMxenuB  saAaHHoro  ypoBHB 
KOHCTpyiCTMBHO-TeXHOAOrUHeCKOVI  HacaeACTBeHHOCTM 
CBapHbix  coeAMHeHMM  M  yaaoB,  94)4)eKTMBH0CTn  yAymua- 
K)iAMX  nocaecsapoHHbix  o6pa6oTOK,  cucreMbiaHTHKoppo- 
3MOHHo£i3aiAHTbiMT.A.,  o6ecneMMBa!oiLiwxnpMH?rrbiiiypo- 
BeHb  HaAeXHOCTM  M  AOarOBeHHOCTVI  KOHCTpyKUMM; 

•  npoBSASHne  nepnoAMMecxoro  wan  nocTOBi-iHoro  koht- 
poaa  3a  Koppo3i/ioHHo-MexaHviMecKHM  cocTosiHueM  HaM- 
eoaoe  HarpyjxenHbix  ceapHbix  saeMeHTOB  m  yaaoe,  CMcxe- 
Mbi  aHTMKoppo3MoHHOM  saiAMTbi  pyreM  Mcnoab30Bani/iB 
cnequannsHpoBaHHOM  AMamocTMHecKOM  annaparypbi, 
npoBepxM  o6pa3AOB-cBMAeTeaeCi  m  np.  ana  onpeAenenna 
oniHMajibHoro  cpoxa,  «o6beMa»  m  rexHoaornn  ocsnAe- 
TejibOTBoBaHMB  o6beicTa; 

•  ocyLAecTBAGHne  MeponpHBTMii  no  KOMoneKCHOMy  o6c- 
aeAosaHMio  HecymeM  KoHcrpyKAHH  MHfC  c  nocaeAym- 
lAMMM  BcecToponHeO  oueHKofi  C0CT09HM9,  nporHosupo- 
BaHneM  ocTaroMHoro  pecypca  SeaonacHofi  SKcnnya- 
TauMn,  Tuna,  BMAa  m  cpoMnocTU  npoBeASHMB  pomomtho- 
BoccTaHOBnxeabHbix  nan  mhbix  pa6oT  n  x.  a-; 

•  onpeAeaeHwe  paquoHanbHOM  cxeMbi  n  TexHoaorun  yxn- 
anaanMM  mam  Bxopi/iHHoro  McnoabsoBanun  oe-bexTa  no  aa- 
BepujeHMH3  pa3pa6ox!<M  MecxopoxAenuB. 

CoBMenxHO  c  M3C  mm,  E.  O.  riaxoHa  m  ApyrnMH  oprannaann- 
BMM  paapaSoxaHb!  cociTBercTByiomMe  MiweHepHbie  MeroAbi 
M  xexHQaorMM,  npnKaaAHbie  MexoAnxn  m  MOAeaM,  Mcnbrra- 
xeabHoe  m  AnarnocxMMecKoe  o6opyAOBaHMe,  nosBoaBioiAee 
ocyLuecxBanrrb  KownaeKC  nepe4McaeHHbix  MeponpugruM. 

UMKJIliHHCKAfl  flO/irOBEHHOCTb  CTEPXHEBbIX 

niEKMX  ynopoB  moctoctpoekmp.  fi.  a. 

TpoLieuKO,  A.  E.  T omapoB,  B.  U\.  KonbipnH,  B.  K.  Ci^AO- 
poB,  B.  0.  Ka/iaiUHUKOB  (E oc.  yH-T,/L3AO<>KypraHCTanb- 
MocT»,  r.Kypran,  P0).  ripoBeAenbi  cpaBHMxeafaHbie  yc- 
xaaocTHbie  McnwraHMP  odpasAOB  rufixMX  cxepxHeBbix 
ynopoB  Asyx  xnnos  (6oaxoBbix  n  ceapubix).  OSpaapbi 
npeACTaeaBaM  co6om  oAMHUMHoe  6oaxoBoe  nan  csap- 
Hoe  coBAMHeHMe  naacTMHbi,  nMMXMpyioiAeM  nanxy  koh- 
cxpyKAMM  Mocxa,  CO  cxepxHeM.  MaxepMaa  o6pa3noB 
SoaxoBbix  ynopoB:  naacxHHa  —  cxaab  10XCHfl-2  xoa- 
u^MHOM  32  MM,  6oax  —  cxaab  40X  AnaMeipoM  22  mm. 
ycnane  aaxBXKM  npM  c6opKe  oepaaqa  cocxaBaaao 
22400  xrc.  flaa  ceapHbix  oOpaapoB  ncnoabsoBanM  naac- 
XMHbi  M3  cxaaeCi  10XCHfl-2  no  TOCT  6713-91  m 
10XCHflA-2  no  TV  14-1 -5120-92  xoa  aim hom  32,  20  m  14 
MM,  a  cxepxHM  M3  cxann  09r2C-4  no  fOCT  19281-89 
AMaMexpOM  20  mm.  P;\9.  nsroxosaeHMa  ceapHbix  o6pa3- 
UOB  npMMeHHaM  AVroBofi  npouecc,  BoaSyxAaeMbm 
MexAy  xopuoM  cxepxHB  (cnenMaabHo  noAroxoBaeHHbiM) 


•  selection  of  the  designs,  materials  and  technologies  taking 
into  account  the  need  to  achieve  a  sufficient  level  of  mec¬ 
hanical,  corrosion  and  corrosion-mechanical  charac¬ 
teristics  of  the  welded  elements  and  assemblies,  allowing 
for  the  effectiveness  and  length  of  effect  of  anticorrosion 
measures,  as  well  as  rationality  of  applying  various  impro¬ 
ving  post-weld  processing  impacts; 

•  development  (selection)  of  the  technology  and  organisa- 
I  tion  of  step-by-step  monitoring  of  the  process  of  OSOGPC 
i  building  and  mounting,  in  order  to  provide  the  specified 
I  design  and  technological  history  of  the  welded  joints  and 
;  assemblies,  effectiveness  of  the  improving  post-weld  tre¬ 
atments,  system  of  anticorrosion  protection,  etc.,  ensuring 
the  specified  level  of  the  structure  reliability  and  fatigue  life; 

•  performance  of  periodical  or  continuous  monitoring  of  the 
corrosion-mechanical  condition  of  the  most  heavy-duty  wel¬ 
ded  elements  and  assemblies  of  the  anticorrosion  system 
by  applying  specialised  diagnostic  equipment,  checking  the 
reference  samples,  etc.,  to  determine  the  optimal  time, 

'  scope  and  technology  of  the  construction  examination; 

•  implementing  the  measures  on  comprehensive  examina¬ 
tion  of  OSOGPC  load-carrying  structure  with  subsequent 
integrated  evaluation  of  the  condition,  forecasting  the  safe 
residual  life,  type,  kind  and  urgency  of  performance  of  the 
repair-restoration  or  other  work,  etc.; 

•  determination  of  a  rational  schematic  and  technology  of 
salvaging  or  reusing  the  construction  after  completion  of 
the  field  exploitation. 

Appropriate  engineering  methods  and  technologies, 
applied  procedures  and  models,  testing  and  diagnostic 
equipment  allowing  the  set  of  the  above  measures  to 
be  implemented,  have  been  developed  in  co-operation 
with  E.O.Paton  Electric  Welding  Institute  and  other  or¬ 
ganisations, 


CYCLIC  LIFE  OF  FLEXIBLE  ROD  STOPS  FOR  BRIDGE 
CONSTRUCTION,  D.A.Trotsenko,  A.E.Goncharov,  V.l. 
Kopyrin,  V.K.Sidorov,  B.F. Kalashnikov  (State  Univ., 
DZAO  Kurganstalmost,  Kurgan,  Russia).  Comparative 
fatigue  testing  of  samples  of  flexible  rod  stops  of  two 
types  (bolted  and  welded)  has  been  conducted.  The 
samples  were  single  bolted  or  welded  joints  of  a  plate 
simulating  the  plate  of  a  bridge  structure,  with  a  rod. 
The  material  of  the  bolted  stop  samples  was  a  plate  of 
1 0KhSND-2  steel  32  mm  thick,  and  a  bolt  of  40Kh  steel 
of  22  mm  diameter.  The  tightening  force  in  sample  as¬ 
sembly  was  22400  kgf.  Plates  of  10KhSND-2  steel  to 
GOST  6713-91  and  10KhSNDA-2  sleel  to  TU-14-1- 
51 20-92  of  32,  20  and  14  mm  thickness  were  used  for 
welded  samples,  while  the  rods  were  of  09G2S-4  steel 
to  GOST  19281-89  of  20  mm  diameter.  The  welded 
samples  were  produced  by  an  arc  process  excited  be¬ 
tween  the  rod  tip  (specially  prepared)  and  plate  surface 
with  subsequent  upsetting  of  the  rod  to  a  specified  dis- 
I  tance  in  a  special  unit.  The  welded  joint  zone  was  pro- 
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M  noBepxHocTbio  n/iacTHHti  c  nocjieflyioa^er^  ocaflKoii 
cTepjKHsi  Ha  aa^iaHHoe  paccToaHne  npit  noMoaiH  cne- 
i4nanM3npoBanHow  ycTanoBKH.  Sammy  30Ht.i  cnapKH 
ocymecTsafiaH  KepaMMHecKiiM  KoabpoM.  Bbi6paHHbie 
pexuMbi  cBapKM,  cfjopMa  Topu^  crepxim  m  cneu,pann- 
supoBaHHoe  oSopyflOBaHUG  o6ecneHMBaiii'i  [loayHeuMe 
CTa6nabHbix  peayabraroB  no  KaaeciBy  ceapHoro  coe- 

flMHeHMFl, 

McnhiTam-ia  npoM3BO/:iMai4  Ha  ycTanooTHon  K/iauiMHe 
Myn-50  no  cxewe  xoHcoabHoro  namfia  o6pa3ua  b  cne- 
pnaabHOM  npncnoco6aeHMH.  06pa3Ubi  b  npMonocoG- 
aeHMM  aaKpenanan  neTwpbMH  6oaTaMM.  Plaeno  Harpy- 
xeHUB  (18  MM)  b  eoaroBbix  ynopax  ycTaHaBawBaan  or 
TOHKH  npMaoxenn;!  narpyaxM  flo  ToppeBon  noeepxHoc- 
TM  raiiKH,  a  e  CBapHWX  — flo  riaacTHUbi  ynopa. 
06pa3Libi  ynopoB  nonbiTbiBaaH  po  paapyiueHna  npn  kom- 
HaTHoi'i  TeMnepaiype.  Dpn  stom  K09(Jj(t>i'iLi,nGHT  acHM- 
MGTpun  pHKna  cooTBeTCTBonaa  0,1 ,  a  nacTOTa  Harpyxe- 
Hwa  —  660  HMKB./MUH.  ypoBHM  pacHeTHhtx  Hanpax<eHMCi 
pcnbiTbiBaoMbix  o6pa3noB  Bbi6npann  c  yneTOM  nx  bos- 
MoxHoro  paapyujeHMB  b  o6/iacTn  orpaHHMennon  Ao/iro- 
bc'ihocth.  Do  peaypbxaTaM  HcnbiTanntl  crpoHPM  xpHBbie 
ycTaaocTM  b  /lo^apl■1(^M^1HecK^1x  KOopflUHaiax. 

AHaJiM3  Kpnobix  ycTaaocTM  cenfleTejibCTByeT,  mto  bo 
BoeM  flnanaaoHG  fletioTByraiunx  HanpExennPi  floaro- 
BOHHOOTb  KanecTBeHUbix  csapHbix  ynopoo  bulug,  hgm 
eoPTOBbix.  C  yMeMbLUeHMeM  HanpaxennM  pasHocTb 
AoaroBGHHocTeCi  stux  ynopon  BospacTaer,  HanpnMep 
npn  HanpBXeHMM  100  MPla  Goaee  'igm  b  flea  paaa. 
KpnnbieycTanocTM  csaptiwx  ynopoB  (naacTMHbi  nacia- 
aeii  IOXCHA-2  m  10XCHflA-2  tojilamhom  32  mm)  npn 
nanpnxeHMBXOKoao  200  MRa  nepecexaioTcq.  Plpn  nn3- 
KHX  Hanpaxeunnx  HanOoabUjeM  floaroeeMHocTbio  otbm- 
naioTCB  ynophi  c  naacTHHon  H3  ciaan  10XCHflA-2.  C 
yMeHbLueHi-ieM  tobijumhu  nnacTHnw  ynopos  oTMeneH- 
Han  aaxoHOMepHocTb  coxpai-mGTCB.  Hesap.ncnMo  or 
MaTepnaaa  nnacTnHW  c  yMeHbiueHMeM  Toau.(nnbi  floa- 
roBRMiiocTb  cBapHbix  ynopoB  cHnxaeTca.  OAnaKO  npn 
HM3KHX  yposHBX  HarpysKH  nx  floaroseMHocTb  ociaeTCB 
BbiLue  floaroBOMHOCTM  OoaioBbix  ynopoB. 

Do  xpnnhiM  yCTaaoc.TM  6biaH  cnporHoanpoBanbi  npefle- 
ab!  BbiHOcanEocTO  Ann  6oaTot)bix  m  cnapHbix  ynopoB.  B 
KaaecTBe  6a30Boro  KoanqecTBa  am  6oaTOBbix  ynopoB 
npnunMann  0,9-10®,  a  abs  CBapHbix  —  2-10  pnKaoa  nar- 
pyxetina.  fipeAea  BbiHocanBocTM  abh  6oaTOBbix  ynopoB 
noayHnan  paeHbiM  58  MRa;  abb  csapi-ibix  o6pa3AOB  c 
naacTHHon  M3  CTaBW  10XCHAA-2  ToaiAnnon  32  n  14  mm 
—  cooTBeTCTBGiiHO  72  H  61  Mfla,  a  m3  ciaan  IOXCHA-2 
ToamnnoM  32  n  20  mm  —  cooTBeTCTBenno  64  n  54  MRa, 
B  oOpaapax  c  npeASBOM  BbiHocansocTn  54  MRa  b  n3- 
aoMG  oOpasqoB  o6HapyxeHO  HecnnaBaGHnG  Mexaaaa 
(5... 10  %),  ‘(TO,  oaesnAHo,  n  nocayxnao  npnaMnon  oHMxe- 
HMB  npeAeaa  BbinocanBocTn  oSpaanoB  axon  napixu-i.  Vcxa- 
aocTHbie  paapyujei  iMB  cnapHbix  ynopos  bo  bcgx  oayMaax  npo- 
ncxoABT  no  rpannue  omaBaeHHR  c  naacxnHon,  a  OojxroBbix 
— no  reay  6o;iTa  b  naocKocrrn  xopuA  ranKn  (npn  HanpnxGHi-iBx 
AO  200  Mria)  nan  na  paccronHnn  ox  Hero  na  1 ,0...1,5  Bi/ixxa 
pesbObi  B  ray6b  ranKW  npn  6oabiiinx  HanpqxeHnax.  PaaSpoc 
Mecxpaspyiueiinn  6ojrTOBbix  ynopoe  o6ycaot5aeH  sanaHneM 
BbicoKMX  ociBxoHHbix  HanpExeMnn,  BosHUKHiou^nx  Ha  nosep- 
XHOcxn  6oaxa  ox  aaxaxxn  naacxnubi  raOx'iMn.  flpn  BbicoxMx 
ypoBHBX  HarpysKn  otin  cHnMasoxca  nepobiMn  puKaaMn  nar- 
pyxcei-tnn,  a  npn  Hnsicnx  ne  CHUMaioxca. 

B  nayaenHOM  AnanaaoHe  xnnopasMepoB  pnKanMecKaa 
AoaroBGHHOcxb  oeapHbix  ynopoB  npGObiiuaex  xaxoByio 
ynopoB  OoaxoBon  KOHOxpyKpnn, 
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teoted  with  a  ceramic  ring.  The  selGcted  welding  modes, 
shape  of  the  rod  tip  and  specialised  equipment  provided 
stable  results  in  terms  ot  w'elded  joint  quality.. 

Testing  was  conducted  in  MUP-50  fatigue  testing  mac¬ 
hine  by  cantilever  bending  of  the  sample  in  a  special 
device.  The  samples  v/ere  fastened  in  the  device  with 
four  bolts.  The  loading  arm  (18  mm)  in  the  bolted  stops 
was  set  from  the  point  of  load  application  up  to  the  nut 
face,  and  up  to  the  .stop  plate  in  the  welded  stops. 

The  stop  samples  were  tested  to  fracture  at  room  tem¬ 
perature.  The  cycle  asymmetry  factor  in  this  case  was 
0.1 ,  and  the  loading  frequency  was  660  cycles/min.  The 
levels  of  design  stresses  of  the  tested  samples  were 
selected  allow’ing  for  their  possible  failure  in  the  limited 
fatigue  life  region.  The  S-N  curves  were  plotted  in  lo¬ 
garithmic  co-ordinates  from  the  testing  results. 
Analysis  of  S-N  curves  indicates  that  the  fatigue  life  of 
sound  welded  stops  is  higher  than  that  of  the  bolted 
stops  in  the  entire  range  of  the  acting  stresses.  With 
lowering  of  stresses,  the  difference  in  the  fatigue  life  ot 
these  stops  becomes  greater,  for  instance  by  more  than 
two  times  at  the  stress  of  1 00  MPa. 

The  S-N  curves  of  welded  stops  (plates  of  10KhSND-2 
and  1 0KhSNDA-2  steels  32  mm  thick)  cross  at  the  stres- 
!  ses  of  about  200  MPa.  At  low  stresses,  the  stops  with 
:  a  plate  of  10KhSNDA-2  steel  have  the  longest  fatigue 
;  life.  The  found  regularity  is  preserved  v/ith  decrease  of 
;  the  stop  plate  thickness.  The  welded  stop  fatigue  life 
I  decrea.ses  with  the  thickness,  irrespective  of  the  plate 
I  material.  At  low  loading  levels,  however,  their  fatigue 
I  life  remains  to  be  higher  than  that  of  the  bolted  stops. 
The  S-N  curves  vyere  used  to  forecast  the  endurance 
limits  for  the  bolted  and  welded  stops.  The  base  number 
ot  loading  cycles  was  taken  to  be  0.9-1 0  for  the  bolted 
stops  and  2-10®  for  the  v/elded  stops.  The  endurance 
limit  for  the  bolted  stops  was  determined  to  be  58  MPa; 

I  for  welded  samples  with  10KhSNDA-2  steel  plate  32 
!  and  14  mm  thick,  it  was  72  and  61  MPa,  respectively, 

1  and  for  those  with  10KhSND-2  steel  plate  32  and  20 
mmthickitwas64and54MPa,  respectively.  In  samples 
with  the  endurance  limit  of  54  MPa,  metal  iack-of-fusion 
(approximately  5-1 0  %)  was  found  in  the  samples  frac¬ 
ture,  this,  evidently,  cau.sing  the  lower  endurance  of  the 
samples  of  this  batch,  Fatigue  fracture  of  welded  stops 
in  all  the  cases  proceeds  along  the  boundary  of  fusion 
with  the  plate,  and  that  of  the  bolted  stops  runs  through 
the  bolt  body  in  the  nut  face  plane  (at  up  to  200  MPa 
stresses)  or  at  the  distance  from  it  equal  to  1.0-1 .5 
thread  turns  into  the  nut  body  at  high  stresses.  Scatter 
of  the  fracture  sites  in  the  bolted  stops,  is  due  to  the 
influence  of  high  residual  stresses  developing  on  the 
bolt  surface  from  the  plafe  tightening  with  nuts,  At  high 
loading  levels  they  are  relieved  by  the  first  loading  cyc¬ 
les,  and  at  low  levels  they  are  not  relieved. 

In  the  studied  range  of  typesizes  the  cyclic  fatigue  life 
of  v/elded  stops  is  higher  than  that  of  the  stops  of  bolted 
design. 
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K0PP03M0HH0E  PACTPECKMBAHME  M  MKK 
CBAPHOrO  OBOPVflOBAHM??  M3  AVCTEHUTHOfi 
CTA/IMTMriA  18-10.  X.  Ty6i'ineBm,  P.  MenexoB  (Ro- 
jiMTexHuxa  HeHCToxoRCKaa,  r.SeHCToxoBa,  no/ibwa). 
HecMOTpa  Ha  MHoro/ieTHne  I'iccnenoRaHHq  KopposHOH- 
HOrO  paCTpOCKHBaHHH  (KP)  H  MejKKpMCTaB/IHTHOpi  KOp- 
po3HM  (MKK)  cTanePi  ™na  18-10,  flo  chx  nop  bo  mhohix 
npoM3BOflcTBax  oTMenaioTCf!  c/iynaii  pacTpecKMeauMB 
CBapHSiixTpySonpoBOAOB  h  o6opyAOBaHnn,  hto  cosAa- 
eT  cepbeaHbte  TOXHHHecKtie  h  aKoaon-iMecKwe  npo6ne- 
Mbl.  CiCnOHHOCTb  CEapHbIX  COeAHHeHHH  K  MKK  0AH03- 
HaHHo  cBnaana  c  ceHcn6i^3n3auMeH  oTanM,  a  MeioAbi 
ee  npeAOTBpaiiieHMfi  xopoiuo  Hsynenw  m  oroBopeHU  b 
TexHOJiori/mecKHX  npoLieccax.  Hto  xacaeTcn  KP,  to  b 
xaxAOM  KOHKpeTHOM  cTiynae  hgoOxoammo  MccaeAo- 
BaTb  npMHUHW,  a/lHHJh  nOTOM  npilHHMaTbCOOTBeTCTBy- 
raiAHG  Mepbi  AJ151  ero  npeAOTBpaiueHHn.  3to  oo/iojKHe- 
Ho  MHorHMH  cpaKTopaMH,  npexAe  Bcero  MHoroxoMno- 
■  HeHTHOcTbio >xmakhx  Hjiii  ra30o6pa3HbixTexH0jiorMHec- 
KMX  cpeA.  Moxho  BbiAeaiiTb  HecKOTibKo  ocHOBHbix  pea- 
reHTOB,  Bbi3biBaiou4HX  KP  oOopyAOBaHUH:  KHcnoTiibte  n 
ropBHHe  UTenoHHbie  cpeAhi;  pacTBopbi,  coAepxotAHe 
XnopMA-MOHbl,  HHOTAa  npMMGCH  CepOBOAOpOAS, 
MCCneAOBaHbl  npHHMHhl  KP  CBapHbIXTpyOonpOBOAOB  H 
o6opyAOBaHii>i  Ha  psAe  XHMHHecKi/ix  npeAnpvwTMM  h 
T3C.  noMMMO  aHa/)H30B  MeTa/moct)l13M'IGCKMMM,  Me- 
Ta/iAorpacpMHecKHMH  MeTOAaMM,  a  Taioxe  onpeAeae- 
HMB  CK/IOHHOCTH  K  KP  M  MKK  oOpaspOB,  BbipeaaHHblX 
M3  pa3pyi.ueHHbix  M3AeAMM,  BbinoAHenbi  aadopaTopHbie 
Mcc/ieAOBaHMH  A-nn  BuncHeHMB  npMHMH  m  pa3pa6oTKM 
peKOMeHAaUHM  no  npepoTBpameHMio  yxaaaHHbix  noB- 
pexAeHMM  B  npoM3BOACTBeHHbix  ycaoBMBx.  OueHKy 
cicnoHHOCTM  K  MKK  npoMSBOAMan  b  cooTBeTCTBHH  c  o6- 
menpMHBTbiMM  MSTGAaMM,  a  K  KP  —  Ha  KpynnoraSa- 
pMTHblX  CBapHbIX  nAaCTMHaX,  B  KOTopbIX  nOCTl8CBapOH- 
Hbie  HanpnxeHMB  AocTMra/iM  npeAe/ia  TeKynecTM  Me- 
Tanna  Aaxe  Ha  o6pa3Aax  c  sHAaeaeMOH  CTeneHhK)  a®- 
(JjopMauMM,  OSpaaubi  noABeprariMCb  pasHbiM  BiipaM 
MexaHMHecKOM,  TepMM>-iecKOM  o6pa6oTKM  m  firifl  c 
penbio  penaKcauMM  ocTaTOMHux  HanpB>KeHMM  am6o  m3- 
MeHOHHB  CTpyicrypbi  noBepxHocTHbix  cnoeB.  Pa6oMMMM 
cpeAaMM  CAyx<MAM  paoTBopu  iu,e/ioHHb!e,  XAopiiAHbie, 
KMcroTHbie  M  coAepxfaiuMe  cepoBOAopoA,  a  Taioxe  co- 
oTBeTCTByiou4Me  no  cocTasy  TexHOAorMHecKMM  cpe- 
Aaw,  B  TOM  HMcae  c  yneTOM  noBbiLueuMn  KopposMOHHO- 
axTMBHbix  KOMnoHeHTOB  B  30Hax  aacTOH,  ynapHBaHim 
pacTBopa  M  T,  n,  Baaa  naSopaTopHhix  MccneAOBaHHfi 
cocTaBJiB/ia  He  Mewee  3  wee.  c  nepnoAMMecKMw  o6- 
HOBTieHMeM  cpGAbi  am6o  6e3. 

B  SaBMOMMOCTM  OT  COCTaBa  CpeA  npOMCXOAMT  MeXK- 
pMCTajiBMTHoe  KP  H8ceHCM6MJ!M3MpoBaHHoro  weTa/i/ia 
B  ropBHMX  cpeAax  c  noBbimeHHbiwM  pH,  ho  npii  Bb’coKHx 
nocjiecBapoHHbix  HanpnxeHMBx,  /im6o  b  cpeAax,  co- 
AepxaiAMx  noAMTMOHOBbie  xncAOTbi,  KorAa  weTa/ui 
CMBbHO  CeHCM6MAM3MpOSaH.  TpaHCKpMCTaJlAMTHOG  KP 
satfjMKOMpoBaHo  npM  oTcyTCTOMM  CTpyxTypHbix  Mswe- 
HHHMM  B  MOTanAG  noA  B03AeMCTBMeM  cpeA,  COAepXa- 
lAMX  XAopMA-MOHbi  am6o  cepoBOAopoA,  HO  HaMOonee 
onacHbi  pacTBopb!  c  HaAMHi-iew  o6omx  peareHTOB.  Bo 
Bcex  MccAeAooaHHbix  cAynanx  HeycTanoBAeno  npawon 
CBfi3M  wexAy  npou,eccaMM  MKK  m  KP  CTaAeii,  McnoAb- 
soBaHMe  BbicoKOAerMpoBaHHbix  csapoMiibix  npoBOAOK 


CORROSION  CRACKING  AND  INTERCRYSTALLINE 
CORROSION  OF  WELDED  EQUIPMENT  MANUFAC¬ 
TURED  FROM  AUSTENITIC  STEEL  OF  18-10  TYPE. 

Kh.Tubilevich,  R.Melekhov  (Politekhnika  Chenstokhov- 
ska,  Chenstokhova,  Poland).  Despite  the  many-year  in¬ 
vestigations  of  corrosion  cracking  (CC)  and  intercrystal¬ 
line  corrosion  (ICC)  of  1 8-1 0  type  steels,  cases  of  cracking 
of  welded  piping  and  equipment  are  still  found  in  many 
productions,  this  creating  considerable  engineering  and 
ecological  problems.  Welded  joint  proneness  to  ICC  is 
unambiguously  related  to  steel  sensitizing,  and  the  met¬ 
hods  of  its  prevention  have  been  well-studied  and  speci¬ 
fied  in  the  technological  procedures.  As  regards  CC,  in 
each  specific  case,  it  is  necessary  to  study  the  causes, 
and  only  after  that  take  appropriate  measures  for  its  pre¬ 
vention.  This  is  complicated  by  many  factors,  primarily  by 
the  multicomponent  nature  of  the  liquid  or  gaseous  pro¬ 
cess  media.  Several  main  reagents  are  recognised  which 
cause  equipment  CC,  namely  acid  and  hot  alkali  media; 
solutions  containing  chlorine  ions,  and  sometimes  hyd¬ 
rogen  sulphide  impurities. 

The  causes  behind  CC  of  welded  piping  and  equipment 
in  a  number  of  chemical  plants  and  TPS  have  been 
studied.  Alongside  with  analyses  by  metal-physics  and 
metallographic  methods,  as  well  as  determination  of  the 
CC  and  ICC  susceptibility  of  samples  cut  out  of  dest¬ 
royed  items,  laboratory  studies  have  been  peiiormed 
to  clarify  the  causes  for  and  issue  recommendations  to 
prevent  the  above  damage  under  the  conditions  of  pro¬ 
duction.  Evaluation  of  ICC  susceptibility  was  performed 
in  keeping  with  the  universally  recognised  methods,  and 
of  CC  susceptibility  on  large-sized  welded  plates  in 
which  the  postwelding  stresses  were  up  to  the  metal 
yield  point  even  on  samples  with  the  preset  degree  of 
deformation.  The  samples  were  subjected  to  various 
kinds  of  mechanical  and  heat  treatment  with  the  aim  of 
relaxation  df  the  residual  stresses  or  changing  the  struc¬ 
ture  of  the  surface  layers.  The  working  media  were  alkali, 
chloride,  acid  and  hydrogen  sulphide  containing  solu¬ 
tions,  as  well  as  those  corresponding  to  process  media 
in  composition,  in  particular  allowing  forthe  higher  con¬ 
tent  of  corrosive  components  in  the  stagnation  zones, 
solution  evaporation,  etc.  The  duration  of  laboratory 
tests  was  not  less  that  3  months,  with  periodical  resto¬ 
ration  of  the  media  or  without  if. 

Depending  on  the  media  composition,  intercrystalline 
CC  of  unsensitized  metai  proceeds  in  hot  media  with 
an  increased  pH  value  but  at  high  post-weid  stresses, 
or  in  the  media  containing  polythionic  acids  when  the 
metal  is  strongly  sensitized.  Transcrystalline  CC  was 
observed  in  the  absence  of  structural  changes  in  the 
metal  under  the  impact  of  the  media  containing  chlorine 
ions  or  hydrogen  sulphide,  but  the  solutions  containing 
both  reagents  are  the  most  hazardous.  No  direct  cor¬ 
relation  between  the  processes  of  steel  ICC  and  CC 
was  found  in  any  of  the  case.s  studied.  Application  of 
high-alloyed  v/elding  v^ires  did  not  turn  out  to  be  effec¬ 
tive  in  terms  of  increasing  the  CC  resistance  of  welded 
joints,  and  in  some  cases  CC  was  found  in  the  weld 
metal. 

The  most  effective  method  of  prevention  CC  of  welded 
items  of  18-10  type  steel  is  austenization  at  the  tempe¬ 
rature  not  less  than  1100  "C  with  subsequent  abrupt 
cooling  in  water.  For  plate  and  large-sized  structures 
satisfactory  results  were  derived  with  preliminary  depo¬ 
sition  of  the  weld  roof  pass  around  the  entire  perimeter 
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He  OKaaanocb  fleiicTBeHHhiM  b  othoU-Ishmh  noBbiiueHHfi 
CTOHKOCTH  npOTHB  KP  CBapHbIX  OOeflHHeHMH,  a  B  HeKO- 
Topbix  cnyMaBX  KP  nofleepra/icB  MeianJi  liiBa. 
Han6oaee  3cj5<t)eKTMBHbiM  cnoco6  npeAOTapameHHSi  KP 
CBapHbIX  HSAfi-nna  M3  CTaAM  Twna  18-10  — aycTenHsa- 
UiMB  npM  TeMrieparype  ne  wenee  1 100  ‘C  c  noo/ieflyio- 
IHMM  pesKHM  oxna>K/ieHMeM  b  eoAe.  ToacTOJiHCTO- 
Bbix  H  KpynHora6apnTHbix  KOHCTpyKUHfi  yflOBneTBopii- 
reabHbie  peayabrarbi  noayMenbi  b  pesyabxaTe  npeAEia- 
pMTeabHoro  Haao>iCGHMB  KopnoBoro  c/ioa  uiea  no  Bcewiy 
nepHMerpy  i/isAGaMsi  oaeKiponoM  waaoro  Ai/iaMerpa  m 
nocaeAyinuJ,ero  HaaoxeHMn  aanoannioiuHx  h  o6aMUo- 
BOHHblX  Baai'IKOB  (c  nOCaoRHOM  OMMCIKCH  HX  noBepx- 
HOCTePi)  npM  miTenoMBHOM  oxaajKfleHHii  Meianaa  bo- 
floil  CO  CTOpOHbl  KOpneBOrO  LUBa.  B  HGKOTOpblX  cayHaBX 
flonoaHHTeabHo  npon3noflnaM  noanpoBaHMe  noBepx- 
HocTH  30Hbi  cBapnoro  cceflHHeHHB  H  nocaeAytOLuee 
HesHa'-iMTeabHoe  TpaBaenMe. 

OBEPHEHA  3AAAMA  yj!bTPA3ByKOBOrO  KOHT- 
PO/IK)  PAPiyBA/lbHHX  HAnPVXEHb  V  JIMCTAX. 

B.  0.  HeKypiH,  O.  3.  Kpan-^MUJi^H  (Ih-t  npi^K/iaA.  npo6n. 
Mexaulm  I  MareMamKi^  /m.  R.C.  nip,cipx,ra^ia,  M.flhBin, 
VKpania).  ripw  cTBopeHHi  TexHoaoriMHMX  pexoiwiiB 
3Miuiiioio'-io'i  TepMoo6po6KM  ‘lacTO  BMHHKae  He- 
o6xiflHiCTb  BHKOpMCTaHHB  HepyilHiBHOPO  KOHTpOaiO  ciy- 
neHB  aarapTOBaHocTi  bmctobhx  MaTepiaaiB.  3aAaHa 
3B0flMTbCB  flO  BM3HaMeHHB  saam.uKOBMX  HanpyxeHb, 
o6yMOBaeHHX  HeSBOpOTUmvIH  ct)i3MK0-XiMiMHMMM  i  Me- 
xaHiHHMMM  npoAGcaMH,  mo  BMHMKaioTb  nifl  Mac  o6po6- 
KM.  Po3B’S13aHHB  nOfliOnOT  SaflaMl  HMCTO  poapaXyUKOBHM 
liiasixoM  3fle6i;ibi.iioro  He  3a6o3ne'-iyc  HeoSxi/iHoi  Ana 
iHxeHepHMX  noTpe6  TOMHocTi.  3  iHuioro  Soxy,  bhkopho- 

TaHHB  MexofliB  yabxpasnyKOBoro  KOHxpoaio  floaBoane 
orpHMaxM  a^hI,  bxmx  Sysac  neflocTaxiibo  p.nn  BiflTso- 
peHHB  posnoAiay  nanpyxGHb  no  TOBiitMui.  Towy  Bax- 
aWBe  SHa'-IGHHB  Maioxb  KOWeiHOBani  MeiOAH,  B.IO  BHKO- 
pHCTosyioTb  BK  peayabxaTH  cfiiaHMHHX  BMMipioBaiib,  rax 
i  MOAeal  MexanixM,  fixi  BpaxonyioTb  aaai/iiiJxoBi  Hanpy- 
XeHHB. 

PoaraflAaeTbOB  ToopexMKo-excnepiiMeHTaabHMPi  Me- 
TOA  BMaHaHeHHB  poanoAiay  rapxyBaabHH'x  HanpyxeHb 
no  TOBiuMHi  awcTa.  MexoA  OaayeTbca  an  cniabnoMy  bh- 
KopMCxaHHi  peayabxaxiB  axycxonpyxiiHX  BHw'pioBaHb  i 
MaxeMaxMMHO'i  MOAeai  MexaHixH  xia  is  aaaHLUXoBHMM 
HanpyxeHHBMii.  B  paivixax  xaxoro  niAXOAV  ccpopwyabo- 
BaHa  o6cpiieHa  saAaMa  HepynniBHoro  xoarpoaio  rap- 
xyBaabiiHX  Hanpyxetib  i  poapoSaeiio  Bapiauifli-mM  we- 
XOA  i"i  po3B'B3aHHB.  BxiABMMH  AaHHMH  p.n'B  oOepaeHOi 
saAB'ii  c  peaynbxaTH  axycxHbunx  BMMipioBaiib,  oxpn- 
Mani  aah  pi3HMX  BiAAanen  BiA  Kpaio  awcxa.  E^ex- 
xMBnicTb  aanponoHOBaHoro  MexoAy  iaiocTpycxhca  pe- 
ayabxaxaMM  npoEGAenHX  MMcaoBMX  excnepiiMeuxiB. 

PEryjri!OBAHH?1  SAnUlUKOBMX  nEPEWIlHEHb 
nPH  IHfl,yKMIMHOMy  HAn/1AB.nEHHI  TOHKMX  ME- 
TA/IEBMX  KOHCTPyKlJim.  O.  M.  UJa6jm,  4.  B.  Rym- 
Ka,  B.  M.  Wepx,  rexa.  ya-r  iM.  I.  Hymoa, 

M.TepHonl/ib,  yKpafaa),  O.  C.  IlMCbMeHHPiCi  (Ih-t  eneK- 
TpoaBapioaaaaa  m.  B.  O,  naroaa,  m-Kh'ib,  Vxpamaj.  B 
npoAeci  iHAVKUiMHoro  HanaasaeMHa  poSoMoi'  xpoMXH 
MexaaeBHX  xoncxpyxLiiri  (xohkhx  cxaaesHX  AHCxia 
cyuiabHo'i  a6o  3y6Macxoi  4)opMM)  CTiHKtiMH  ao  cnpaAio- 
BaiiHB  nopoiiixonoAiSuMMH  xBepAMMH  cnaaeaMH  b  ro- 
xoBiil  AGxaai  BHHMxaroxb  saaiioixoBi  HanpyxeHna  i  ne- 


of  the  item  with  a  smali-diameter  electrode  and  sub¬ 
sequent  deposition  of  the  filling  and  facing  beads  (with 
layer-by-layer  cleaning  of  their  surfaces)  at  intensive 
water  cooling  of  the  metal  from  the  root  weld  side.  Po¬ 
lishing  of  the  v./eld0d  joint  zone  surface  and  subsequent 
slight  etching  were  further  performed  in. some  cases, 


INVERSE  PROBLEM  OF  ULTRASONIC  CONTROL  OF 
HARDENING  STRESSES  IN  SHEETS.  V.F.Chekurin, 
O.Z.Kravchishin  (Ya.S.Pidstryhach  Institute  for  Applied 
problems  of  Mechanics  and  Mathematics,  Lviv,  Ukrai¬ 
ne).  In  development  of  technological  modes  of  stren¬ 
gthening  heat  treatment,  it  is  often  necessary  to  perform 
non-destructive  testing  of  the  degree  of  sheet  material 
hardening.  The  problem  is  reduced  to  determination  of 
residual  stresses  due  to  irreversible  physical-chemical 
and  mechanical  proce.sses  developing  during  treat¬ 
ment,  Solving  such  a  problem  by  a  purely  numerical 
method  as  a  rule  does  not  provide  the  accuracy  required 
for  engineering  purpose.?.  On  the  other  hand,  ultrasonic 
testing  methods  yield  data  which  are  sometimes  insuf¬ 
ficient  for  reproduction  of  the  stresses  distribution  ac¬ 
ross  the  thickness.  Therefore,  combined  methods  using 
both  the  results  of  physical  measurements  and  mecha- 
nics  models  ailowing  for  residual  stresses,  are  of  great 
importance. 

A  theoretical-experimental  melTiod  of  determination  of 
hardening  stresses  distribution  across  the  sheet  thick¬ 
ness  is  considered.  The  method  is  based  on  simulta¬ 
neous  use  of  the  results  of  acousto- elastic  stress  meas¬ 
urements  and  a  mathematical  model  of  mechanics  of 
bodies  with  residual  stresses.  An  inverse  problem  of 
non-destructive  testing  of  hardening  stresses  has  been 
defined  and  a  variational  method  of  its  solution  has  been 
developed  in  terms  of  such  an  approach.  The  input  data 
for  the  inverse  problem  are  the  acoustic  measurement 
results  derived  for  different  distances  from  the  sheet 
edge.  The  effectiveness  of  the  proposed  method  is  il¬ 
lustrated  by  the  results  of  the  conducted  numerical  ex¬ 
periments. 

CONTROL  OF  RESIDUAL  DISPLACEMENTS  IN  IN¬ 
DUCTION  SURFACING  OF  THIN  METAL  STRUCTU¬ 
RES.  O.M.Shablii,  Ch.V.Pulka,  V.M.Mikhailishin  (I.Pulyui 
State  Techn,  Univ.,  Ternopil,  Ukraine),  O.S.Pismenny 
(The  E.O. Baton  Electric  Welding  Institute,  Kyiv,  Ukrai¬ 
ne).  During  induction  surfacing  of  the  working  edge  of 
metal  structures  (thin  steel  discs  of  a  continuous  or 
toothed  shape)  with  wear-resistant  powderlike  hard  al¬ 
loys,  residual  stresses  and  displacements  are  induced 
in  the  finished  part,  which  result  In  the  change  of  the 
part  structural  dimensions.  Residual  di,splacements  de- 
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peMiateHHfl,  ml  npnaBOflqjb  flo  3MinM  kohctpykthbhux 
posMipiB  Aera/ii.  Sa/iniiiKOBi  nepewiu^eHHf)  3a)ie>KaTb 
Bi,q  reoMGTpuHHi'ix  po3MipiB  flUCKa,  HanBas/ieHoro  uja- 
py  7a  4)i3MKO-MGxaHiMH.nx  xapaKTepucTMK  MarepiaaiB 
flucKa  Ta  Han;ia8;ieHoro  Mexany.  3  mbtoio  oTpuMaHna 
fleTaBePi  i3  aaflaHUMM  xapaxTepHCTHKaMU  BnmiKae  ne- 
oQxiflHicTb  po3po6KM  MaxeMaTUMHo!  MoqeBi  npoTiKaHHfi 
Bcix  cTaAifi  npouecy  Hari/iaB/ieHHq  la  oxoaoAxceHHB. 
HanpyxeHHB  Ta  nepewiiAeHHq  sywoBJiGHi  pisHnwn  npn- 
4MnatviM,  nawBaxcnnBiu!a  aqxnx  nonaraey  TOMy,  uqo  wia- 
Tepia/iM  ocHOBHoro  i  HanjiaB/ienoro  liiapis  MaioTb  piani 
MexaHiwHi  ra  TenaocpianHHi  BJiacTHBocii  i  nepm  aa  ace 
KoecpiuleHTM  TewnepaxypHoro  posujupeHHB  a^. 
ripodaewi  TeopexuBHoro  BnanaHeHHB  aaanujKOBMX  Ae- 
4)opMauiM,  nepeMiLneHb  Ta  wanpyxeab,  mo  BHHMKaiOTb 
BHacBiAOK  HanaaBJieHHfi  xpowoK  tohkhx  naacTHH  a6o 
3Bap[OBaHHB,  npMCBBWGHO  UiaUM  PBA  AOC/liA>KGHb. 
riponeAeni  excnepuMeHTH  no  HanaaBAenHio  auckIb,  bh- 
roTOBaenMxiacTaai  Ct3  i  HanaasBeHKX  cruiasoM  nr-C1. 
flocjiifpKeHHB  noKasaan,  iiip  nporMHM  auckIb  aochtb 
Ao6pe  y3roA*yioTbC5i  a  npornHaMM,  oipuMannMH 
aHaAiTHHKO-MMCJlOBHM  MOTOAOM,  MaKCMMaXlbHO  BIAXM- 
aenHB  npornHy  cioiaAae  ao  10  %. 

Ha  ocHOBi  OAepxanMX  pesy/ibTaxiB  mox/iubg  yn- 
paBniHHB  saAnaiKODMMU  nopeMimenuBMii  (nporwna- 
mm)  HoxiB-rwHKopiaiB  3  Mexoro  0Aep>KaHHB  BiipoOie  3 
3aAanMMM  eKcn/iyaTaAiMHUMn  xapaKTepnoTMKaMH  (aa 
paxynoK  pisHMx  SHaMeHb  rpaAieHTts  Tewnepaxyp  no 
paAiycy  Ancxa). 

BMCOKOTEMHEPATyPHE  OKPMXHEHH5!  3BAP- 
HMX  KOHCTPyKLilM  3  HASIHMX  COTOBMX  EJ1E- 
MEHTIB.  B.  B.  UJi^poKOB  (cph.-Mex.  ih-t  iM.  r.B.  Kap- 
nenKa,  m.  Hhnia,  VKpaiHa).  nic/ifl  aproHO-AVroBoro 
3Bapt0RaHHB  nonepeAHbo  nanHux  cxa/ieBMX  cotobmx 
ejiGMeHTiB  KOHCxpyKuitl  60. ..70  %  3  Hux  Ma/iM  Hesa- 
AOBiqbHy  BKicTb  BHac/iiAOK  yTBopoHHf)  xpimiiH  y  Moxa/ii 
30HM  TopwiiMHoro  snanBy  xa  b  Haruias/ieHOMy  Moraai. 
BpaxoEyioHM,  mo  A^f>  BMroxoBaeHHB  cotobwx  eaeMeHxiB 
niABumsHoi  xcopcTKocxi  aacTocoeyfOTb  rexepocjxaani 
MapxeHcixTHo-tlxepnTHi  cxani,  a  ochobhum  toxho- 
aoriMHMM  npouecoM  e  naaHHB  caMOfjiatociBunMM  npuno- 

BMH  Ha  ocHOBi  MiAi  (xeMnepaxypa  naaBaeHHB  "  950  'C), 
6yao  npHnymsHo,  am  poaxpicxyBaHHB  asapuHX  s'eAwaub 
ayMOBBOHo  aAcopOqi'/iHMM  enanBOM  piAKoi  MiAi- 
flocaiA>xyBaaiicB  mothpm  MapxH  cxaai.  siAMiHHi  3a 
xiMiHHMM  cxaaAOM  i  BMicTow  8-4)epMTy.  SpasKH  ahb 
Bt-inpo6yBaHb  xnny  noABiiiHOi  aonaxKw  nepeplaoM 
1X3  MM  3  KaxaHoro  awcxa  xoBamHoio  ao  1  mm  bbto- 
TOBABAH  laKHM  4MHOM,  mo6  AOBAia  BiCb  3pa3Ka 
afiiraaacH  3  HanpBMOM  npoxaxy.  nicaa  Lijai4)yBaHHB  b 
ma6.noHax  npoBaAWAH  xepMi'my  o6po6Ky  roxosnx 
3pa3KiB  (aycxeHiaaiAiB  3  nonepoAHiM  ayAiHHBM  a6o  603 
Hboro  npn  1030  "C,  0,5  roA  i  noAaabUiMM  BiAnycKaHHBM 
npH  510  'C,  2  roA.  /lyAUBW  b  xaMopi,  aanoBHOHifi  cnex- 
xpaabHo-HHCTHM  aproHOM,  OcHOBHi  cKAaAOBi  npMnoio 
Taxi  (Mac.  AOAB,  %):  Mn  —  22. ..26,  Ni  —  5.. .6;  Fe  — 
0,8. ..1,2;  Li  —  0,15. ..0,28,  Si  —  ao0,5;  Cu  —  peuixa, 
Ha  ocHOBi  ananiay  peayAbxaxiB  KOMOAeKCHHx  Mexa- 
AO(t)i3HHHHX  AOCAlA>KeHb  Xa  MexaHiMHHX  (CTaXHHHMCi 
po3TBr,  MaAOUMKAOBa  BTOMa  xa  iH.)  8nnpo6yBaHb  ecxa- 
HOBASHO  CXMAbHiCXb  MapXeHCl'lTHO-4)epMTHHX,  Xpo- 
MOHIKeABBHX  CTancH  MapKH  BHC  AO  OXpHXHeHHB  npH- 
nocM  Ha  ocHOBi  mIai  (Bnp2)  npw  xeMnepaxypax,  6AH3b- 
KMX  a6o  BHmwx  a  p-nepexBopeHHq.  TeMnepaxypHHM 


pend  on  the  geometrical  dimensions  of  the  disc,  depo¬ 
sited  layer  and  physical-mechanical  characteristics  of 
the  disc  materials  and  the  deposited  metal.  Production 
of  parts  with  the  specified  characteristics  necessitates 
development  of  a  mathematical  model  of  running  of  all 
the  stages  of  the  surfacing  and  cooling  process. 
Stresses  and  displacements  arise  from  various  causes, 
the  most  important  of  which  consists  in  that  the  materials 
of  the  base  and  the  deposited  layers  have  different  mec¬ 
hanical  and  thermal-physical  properties,  and,  first  of  all, 
thermal  expansion  factors. 

A  number  of  studies  were  devoted  to  the  problem  of 
theoretical  determination  of  residual  deformations,  dis¬ 
placements  and  stresses  resulting  from  surfacing  or 
welding  of  thin  plate  edges. 

Experiments  have  been  conducted  on  surfacing  of  St. 3 
steel  discs  by  PG-S1  alloy.  Investigations  showed  that 
the  discs  deflection  agrees  quite  well  with  the  deflection 
values  derived  by  the  analytical-numerical  method.  The 
maximal  deviation  of  deflection  value  is  up  to  10  %. 
The  derived  results  permit  controlling  the  residual  dis¬ 
placements  (deflections)  of  haulm  cutters  in  order  to 
make  products  with  the  specified  service  properties  (at 
the  expense  of  different  temperature  gradients  along 
the  disc  radius). 


HIGH -TEMPERATURE  EMBRITTLEMENT  OF  WEL¬ 
DED  STRUCTURES  MADE  OF  BRAZED  HONEY¬ 
COMB  ELEMENTS.  V.V.Shirokov  (H.V. Karpenko 
Phys.-Mech.  Inst.,  Lviv,  Ukraine).  After  argon-arc  wel¬ 
ding  of  pre-brazed  steel  honeycomb  structural  ele¬ 
ments,  60  to  70  %  of  them  have  an  unacceptable  quality 
due  fo  cracking  in  the  heat-affected  zone  metal  and  the 
deposited  metal.  Considering  that  heterophase  marten¬ 
sitic-ferritic  steals  are  used  for  fabrication  of  honey¬ 
comb  elements  of  a  greater  rigidity,  and  the  main  tec¬ 
hnological  process  is  brazing  with  self-fluxing  copper- 
base  braze  alloys  (melting  temperature  of  "  950  ‘C),  It 
was  assumed  that  cracking  of  welded  joints  is  due  to 
ad.sorption  influence  of  molten  copper. 

Four  steel  grades  were  studied  which  differed  in  their 
composition  and  6-ferrite  content.  Dumb-bell  test  sam¬ 
ples  with  1X3  mm  cross-section  of  up  to  1  mm  rolled 
sheet  v/ere  made  so  that  the  sample  longer  axis  coin¬ 
cided  with  the  rolling  direction.  After  polishing  in  the 
templates,  heat  treatment  of  the  finished  samples  was 
performed  (austenization  with  prior  tinning  or  without  it 
at  1030  'C,  0.5  h  and  subsequent  tempering  at  510  "C, 
2  h).  Tinning  v/as  performed  in  a  chamber  filled  with 
spectral-purity  argon.  The  main  components  of  the 
braze  alloy  were  as  follows:  (w1.%):  Mn  —  22-26,  Ni  — 
S-e,  Fe  —  0.8-1. 2;  U  —  0.15-0.28;  Si  up  to  0.5;  Cu 
being  the  balance. 

The  susceptibility  of  martensitic-ferritic  and  chromium- 
nickel  steels  of  VNS  grade  to  embrittlement  by  a  cop¬ 
per-base  braze  alloy  (VPr2)  at  the  temperatures  close 
to  or  higher  than  ao(1  transformation  was  established 
proceeding  from  analysis  of  the  results  of  comprehen¬ 
sive  metal  physios  investigations  and  mechanical  (static 
tension,  low-cycio  fatigue,  etc.)  tests.  The  critical  brit- 
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iHTepsaJi  OKpuxMeHHin  aanexuTb  Bi^  HMioTy  y-^Jopi^Ty  b 
CTajiBX  i  Cioro  MG>Ki  MO'Mryxb  HesHaBMo  peryiitonaTHCH 
Lu;ifixoM  BiflnoBifli-ioro  /leryeanHB. 

3  niABMLueHHfiM  BMicry  5-<t>epMTy  TeMnepaiypa  noBaxKy 
OKpuxMeHHJi  fleiAO  36i/ibiiiyexbCB,  a  noxiM  aHi-ixyexbca. 
BoxanoBBenMK  ecf^exx  BMCoKoxeMnepaTypHom  (sume 
950  ’C)  oKpMXHeHtw  cxaBeii  pi,qKoMexa/ieBHM  poaniia- 
BOM  Mae  nofliOdi  i  pfiq  BiqMiHHUx  03naK  siq  sBUBadHoro 
piAKOMGxaaeBoro  OKpuxMenHfi  (PMO),  noqiOHicxb  no- 
/iqrae  b  iHxepKpucxa/iixHOMy  xapaxxepi  pywHyeanuB,  b 
36epe'>KeHHi  KpnxKoro  xapaKxepy  pyCinyBaHHB  npn 
SHaMMMX  flecpopwauiBX  qo  pyiiMynannB  i  BinHOBXieHHi 
ri/iaoxHiiHocxi  npn  niqBMUieHHi  xcMnepaxypn;  b  naac- 
TM4>iKanii  Maxepiajiy  npn  xeMnepaxypax,  fleino  Menuinx 
aaxeMnepaxypn,  b  qianaaoiii  bkhx  onocxepiraGXhCB  ok- 
pnxBeHHB.  BiqMinHocxi  nojiHxaioxby  bmcokhx  a6coaK3T- 
HMX  aHaneHHBX  xeMnepaxypn  PMO,  b  3HMX<e*iHi  n/iac- 
xnBHocxi  nifl  qieio  poanaasy  npn  aaraabnoMy  B’aaKOMy 
xapaicrepi  pyiiMyaaitUB  cxaaefi. 
ripn  xeMnepaxypax  950...  1 100  'C  SBapunn  weiaa  6c.? 
npnnoio  6iabiJ)  naaoxMMHPM,  Hi*  cyniabHnPt.  OflH3i(  y 
Boix  BnnaqKax  oKpnxneHHB  npnnoew  apapHnx  apa.axiB 
BiAOyBaexbCH  npn  6iabui  HMSbKwx  xeMnepaxypax, 
nopiBHBHO  3  He3BapHHMH. 

Tax,  HaMHHXMaxeMnepaxypa  pisKoro  naAiHiin  naacxtiH- 
Hocxi  aeapunx  spasKie  cxaaqaaa  950  'C,  a  p,n9 
cyi-iiabHMX  —  975  ’C.  To6xo  BHacaiAox  SBapraBaHHB 
xoMnepaxypuHM  iHxepeaa  oKpnxHeHHB  npnnoeM,  hkmm 
xaK  MM  maKLue  noxpanane  b  aony  sBapiosaHHa,  posLUM- 
piocxbCB  B  HMsbKOXGMnepaxypHy  o6jiacxb.  BcxanoBJie- 
HO,  u.(o  iHxeHOMBnicxb  oxpMXMenHH  B  xeMnepaxypHO>'''.y 
AiariaaoHi  MexaniMHMX  BMnpoOysaHb  (20... 1200 'C)  ne 
3ajie>i<iixb  Biq  xoro,  Ha  BKowy  exani  npi-iniw  noxpanane 
B  30Hy  SBapiOBaHHB. 

METOfibI  nOBblLUEHM5l  COnPOTMB/IEHMSI  VCTA- 
jnOCTM  CBAPHbIX  COEflMHEHMM  META/inOKOH- 
CTPYKUMM,  3KCnnyATMPyEMblX  B  yCJIOBMSJX 
.  KPAfiHErO  CEBEPA.  E.  C.  UUyjibmHOB,  B.  A.  ^errupeB, 
B.  B.  MaTBBen  (Hh-t  npodneM  npowocTU,  r.KmB,  Vk- 
pat^Ha).  npoBeqeHHbie  e  MHCXMxyxe  npo5jieM  npoMHOcxM 
HAH  VKpaMHbi  MCcneqoBaHMB  noKaaaaM,  mxo  conpoxMB- 
J1GMMG  yoxafiooxM  cBapHbix  cogamhghmm  HM3KoaerMpo- 
BaHKbix  cxaaeM  b  yojioBMHx  MHoroqMK/ioRoro  yqapHoro 
Har'pyxeHMB  npn  hmskom  K/iMMaxMMecKOM  xeMnepaxype 
Moxcex  6hixb,  B  ox/iMMMG  OX  ocHOBHoro  MGxaaaa,  cyiqec- 
xeeHHo  MeiibLiie,  mgm  b  cxanqapxHbix  ycaoBMBX,  x.e.  b 
ycaoBMBX  rapMOHMMecKoro  HarpyxeHMH  npn  komhcx- 
HOM  xeMnepaxype.  ycxaHOBaeno,  mxo  oghobhom  npn- 
MMHod  sacpMKCMpoBaHHoroBBaeMMB  cayxar  paaaMMHbie 
AetpexTbi  CBapHoro  u.iBa,  a  xom  MMcae  nopw  m  ExaioMe- 
HMB  paSMepOM  ox  10  MKM  M  OoBbUje. 

HccaeqoBaaM  BaMBHnexexHonornn  cBapxM,  cbomoxboc- 
HOBHoro  Mexaaaa  m  HCKoxopbix  HanOoaee  pacnpocxpa- 
HGHHbix  xexHoaorMM  ynpoMHeHMB  cBapHoro  liiea  Ha  con- 
poxMBaeHMeycxaaocxM  csapHhix  coeqnHOHMM  npn  yqap- 
HOM  Harpy>KeHMM  m  hmskom  xeMnepaxype.  HcnbiiaHMFi  o6- 
pasuoB  npn  noBXopiioM  yqapHOM  Harpy>K0HMM  nponsno- 
AMBM  Ha  Konpe  xnna  flCO-1  c  mocxotom  10  fu  b  pe>KHMe 
saqaHHOM  sneprMM  yqapa,  a  npw  rapMOUMMecKOM  (CMHy- 
coMqanbHOM)  narpyxeHMM  —  Ha  ycxanoBKe  xnna  fXCO-2 
0  xaKOM  xce  Macxoxoil  narp^^eHnn  b  pe)KMMe  aaqaHHoPi 
aMnBmyqhi  Aect)opMaiJiMH.  flencxByioaiMe  HanpH)KeHMB 
onpeqe/w/ui  xeHsoMexpMMecKMM  cnocodoM. 

BjiMHHMe  xexHOAorMM  oBapKM  Mcc/ieqoBann  Ha  npwMepc 
cxbiKOBoro  coeqMHeHMB  cxajiM  12rH3M0AIOflP  co  chhxom 


_ WELDED  STRUCTURES 

tleness  temperature  range  depends  on  the  content  of 
Y-ferrite  in  the  steeis  and  its  limits  can  be  slightiy  varied 
by  appropriate  alloying. 

Vi/ith  the  increase  of  fi-ferrite  content,  the  temperature 
of  the  start  of  embrittlement  become.?  somewhat  higher 
and  then  is  lowered.  The  found  effect  of  high-tempera- 
ture  (above  950  "C)  embrittlement  of  steels  v/ith  the 
molten  metal  melt  has  similar  and  some  dissimilar  fea¬ 
tures  compared  to  the  regular  molten  metal  embrittle¬ 
ment  (MME).  The  similarity  consists  in  the  intercrystal¬ 
line  nature  of  fracture,  preservation  of  the  brittle  mode 
of  fracture  at  considerable  deformations  to  fracture  and 
ductility  restoration  v/ith  temperature  increa.se;  in  ma¬ 
terial  plastlfication  at  the  temperatures  somewhat  lower 
than  the  temperatures  in  the  range  of  which  embrittle¬ 
ment  is  found.  The  differences  lie  in  the  high  absolute 
values  of  MME  temperature,  and  ductility  drop  under 
the  impact  of  the  melt  with  the  total  tough  mode  of  steel 
fracture. 

At  the  temperatures  of  950  to  1 1 00  "C  the  welded  metal 
without  the  bra^’e  alloy  is  more  ductile,  than  the  mono¬ 
lithic  metal.  In  all  the  cases,  however,  embrittlement  of 
welded  samples  with  the  braze  alloy  proceeds  at  lower 
temperatures  compared  to  unwelded  samples. 

So.  the  lowest  temperature  of  an  abrupt  drop  of  the 
welded  sample  ductility  was  950  "C,  and  975  “C  for  the 
monolithic  samples.  That  is,  as  a  result  of  welding  the 
critical  temperature  range  of  embrittlement  by  the  braze 
alloy  which  penetrates  into  the  welding  zone  in  some 
way,  expands  into  the  low-temperature  region.  It  is 
found  that  the  intensity  of  embrittlement  in  the  tempe¬ 
rature  range  of  mechanical  testing  (20-1200*0)  does 
not  depend  on  the  stage  at  which  the  braze  alloy  pe¬ 
netrates  into  the  welding  zone. 

METHODS  OF  IMPROVEMENT  OF  FATIGUE  RESIS¬ 
TANCE  OF  WELDED  JOINTS  OF  METAL  STRUCTU¬ 
RES  USED  UNDER  THE  CONDITIONS  OF  EXTREME 

NORTH,  B.S.Shulginov,  V.A.Degtyarev,  V.V. Matveev 
(Institute  for  Problems  of  Strength,  Kyiv,  Ukraine).  In¬ 
vestigations  performed  in  the  Institute  tor  Problems  of 
Strength  of  the  NAS  of  Ukraine  showed  that  the  fatigue 
resistance  of  low-alloyed  steel  welded  joints  under  high- 
cycle  impact  loading  at  a  low  climatic  temperature  can 
be  significantly  lower,  unlike  that  of  the  base  metal,  than 
under  the  standard  conditions,  i.e.  room  temperature 
harmonic  loading,  It  was  found  that  the  main  cause  be¬ 
hind  the  registered  phenomenon  are  various  defects  of 
the  v/e!d,  including  pores  and  inclusions  of  10  pm  and 
greater  size. 

The  infiuenoe  of  welding  technology,  base  rnetai  pro¬ 
perties  and  some  of  the  mo.st  widely  accepted  techno¬ 
logies  of  weld  strengthening  on  fatigue  resistance  of 
v/elded  joints  underimpaot  loading  and  iowtemperature 
has  been  studied.  Sample  testing  at  repeated  impact 
loading  was  performed  in  the  impact  testing  machine 
of  DSO-1  type  with  10  Hz  frequency  in  the  preset  impact 
energy  mode  and  at  harmonic  (sinusoidal)  loading  in 
DSO-2  type  unit  at  the  same  loading  frequency  in  the 
mode  of  a  preset  deformation  amplitude.  The  acting 
stresses  were  determined  by  strain  measurements. 

The  influence  of  welding  technology  was  studied  for  the 
case  of  a  butt  joint  of  12GNZMFAYuDR  steel  with  the 
removed  v/eld  reinforcement.  The  samples  were  cut  out 
of  16  mm  thick  plates  welded  in  CO2,  namely  one  piafe 
with  PP  AN-57  wire  of  2.2  mm  diameter,  and  the  other 
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BbinyicnocTbKi  lusa,  OGpaauibi  Bbipeaann  M3  nnacTnn 
TO/llUMHOM  16  MM,  CBapBHHblX  B  VTJieKMC.nOM  PaSe:  OflHa 
nnacTMHa  —  npoBoaoKOM  fin  AH-57  flMaMerpoM 
2,2  MM,  a  flpyraa  —  npoHO/ioKOM  CB-08r2C  fliiaMerpoM 
2,0  MM.  riocne  cBapKM  o6g  anacTMUbi  noflsepranM  oi- 
nycKy  npM  TefMnepajype  600  "C.  Ofluy  sacTb  oOpaanoB, 
MaroToanenHbix  M3  ruiacTMuw,  McnbrrbiBarai 

npM  vflapHOM  HarppKGHMM  c  Koatfi^MUMetrroM  acuM- 
MerpuM  pMicna  R~0  \a  TeMnepaxype  -60  “C,  APyryto  — 
npM  rapMOHMMecKOM  Harpy>KeHMM  cR  =  0  m  KOMHaiHOM  tgm- 
neparype.  KaK  noKasa/in  McnbixaHHB,  npuMeHSHwe  npoBo- 
;ioKM  MapKM  nn  AH-57,  BO-nepBbix,  yBenMMMBaei  npeflen 
BbIHOCBMBOCTM  CTbIKOBOro  COeAMHGHMB  paCCMaTpilBaeMOM 
CTanM  KBK  B  CTaH,qapTHb!X  ycAOBMPix,  Tax  M  npn  yflapHOM 
HarpyxceHMM  m  hmskom  xeMnepatype,  Bo-eropbix,  b  CAy4ae 
oco6o  BhiGOKoro  KaaecTBa  MeTanaa  uiea  oTcyrcTsyeT  dtpm- 
uaTGAbHoe  BAHfiHMe  yflapHOPo  HarpyxeuMB. 

06pa3Hbi  M3  CTa/iM  12rH2M0AlO  co  cTbiKoBbiM  ooeflMHe- 
HMSM,  BbinOAHeMHhIM  MexaHM3MpOBaHHOM  CBapxOM  B  yP- 
jiexMCAOM  paae,  sbipesaBM  m3  njiacTMH  TOJiinMHofi  24  mm. 
UJoB  oflHOM  ruiacTMHhi  6bm  noAsepPHyr  appono-flyroooM 
o6pa6oTKe,  liiob flpyroM  ocTaBaeH  b  mcxoahom  cootobhmm, 
HcnbiTai-iMB  oSpaauoB  Ha  ycxaiiocTb  npoManoflMBM  npM  R  = 
=  0,5.  B  OflHOM  napTHM  naocKMX  o6pa3U0B  m3  cja/iM  09r2C 
c  nonepeHHbiM  ceneHMeM  24X80  mm  m  c  nonepenubiM  pe6- 
poMypaoBOM  iiioB  noflBeppjiM  noBepxHocTHOMyy/ibTpaaBy- 
KOBOMy  Haioiepiy,  a  b  flpypoil  —  ocTaBi/uiM  b  mcxoahom  coc- 
TOFIHMM.  HcnblTaUMB  Ha  yCTaBOCTb  np0M3B0flMPlM  npM  R  = 
=  0,56.  riopiy^ieHHbie  pesypibiaTbi  McnbiTaHMM  ceapHbix  o6- 
paapoB  noxass/iM,  mto  pipM  HeoSpafioTanHbix  ujeax  BBMBHMe 
yflapHOPO  HarpyxeuMB  npM  hmskom  TGfvineparype  BecwMa 
cyiflecTBGHHO,  a  cpeflM  paccMoipeHHbix  crioco6oB  o6pa- 
6otkm  liiBOB  yjii.Tpa3ByKOBOM  noBepxHOCTHbiM  Haxjien  BBaa- 
BTCP  HaMdoJiee  3(j)ct)eKTMBHbiM  cnocoGoM  noBbimeuMPi  con- 
poTManeHMB  ycTaaocTM  ceapHbrx  coeflMHeHMM  b  ycaoBMBX 
yflapHOPO  HarpyxeHMB  m  hm3Kom  TeMPiepaTypbi.  yBeaMHeHMe 
Pipefleaa  BbiHocaMBociM  (na  6a3e  1-10  uMKPiOB)  npM  Bbi6- 
paHHOM  pexMMe  yAbTpasByKOBOPO  naKPiena  cocTaBM/io  42 
npcppMB  33  %  npM  appoHO-flypoBOM  o6pa6oTKe. 

COBEPUJEHGTBOBAKME  3J1EMEHT0B  CBAPHbIX 
KOHCTPyKLlMM  M  MH)KEHEPHblX  CO- 

OPy>KEHMM.  B.  H.  IllMManoBCKm,  B.  H.  PopfieeB  (yKp- 
Hl^yinpoeKCTaJihKOHCTpymm,  r.  Knee,  VKpanHa).  Caap- 
Ka  KaK  xexHOPioPMMecKMM  npopecc  coeflMHeHMB  a/ie- 
MGHXOB  KOHCxpyKflMti  no3Bo.nHeT  nepetixM  k  pa3pa6ox- 
Ke  HOBbIX  KOHCXpyKXMBHblX  ({JOpM  3/ieMeHTOB  M  CMCXeM 
3flaHMM,  a  xaioKe  coopyxpeHMM  m3  hmx. 
PaccMaxpMBaexcfi  BPtMBHMe  xom  m/im  mhoiI  xexHojioPMM 
CBapKM  Ha  nonepeMHbie  ceHeHMB  ajieMSHxoB  m  yanoB 
pa3PiMMHb!X  KOHCXpyKflMM.  floKasaHa  MX  aBOBtOflMB  Ha 
npoxBxenMM  nocaeflHMX  20. ..30  Jiex.  npMBOflPixcB  flan- 
Hbie  o  cHM>KeHMM  MexaflfioeMKocxM  3a  cnex  npMMene- 
HMBX0l-IK0CXeHHblXX0B0flH0PHyXbiX3aMKHyTblX9PieMeH- 
xoB  paapiMHHoro  npotpMJin,  cosflauMe  Koxopbix  cxcino 
peartbUbiM  mmghho  6/iaroflapfl  CBapxe. 

OcoSeHHo  6opibUJOG  BHMMaHMe  yfleABexcB  KOHcxpyx- 
flMHM  C  Hana/lbHblMM  BHyxpeKHMMM  HanpB)KeHMaMH, 
npoxMBonojioxHbiMM  no  anaxy  nanpaxpeuMBM,  boshm- 
KaioibiMM  ox  aKcniiyaxau,MOHHbix  HappysoK. 

DoKasaHa  BosMOXHOcxb  pa3pa6oTKM  xaKMX  conexatiMM 
cxa/ieii,  KOHcxpyxnMM  m  pe>KMMOD  OBapxM,  Koxopbie 
no3BonM.nM  6bi  McnonbsoBaxb  cBapoMHue  nanpaxenMH 
flPH  aKXMBHOPo  peryAMpoBaHMB  HanpBx<eHHo-flec()op- 
MMpOBaHHOrO  GOCXOaHMB  KOHCXpyKUMM. 


with  SV-08G2S  wire  of  2.0  mm  diameter.  After  welding 
both  plates  were  tempered  at  the  temperature  of 
600  ‘C.  One  part  of  the  samples  made  of  each  plate 
was  tested  at  impact  loading  with  cycle  asymmetry  fac¬ 
tor  R  =  0  and  temperature  of  -60  "C,  the  other  part  at 
harmonic  loading  at  R  =  0  and  room  temperature. 

As  shown  by  testing,  application  of  PP  AN-57  wire,  first 
of  all,  increases  the  endurance  limit  of  the  butt  joint  of 
the  steel  being  considered  both  underthe  standard  con¬ 
ditions  and  under  the  impact  loading  and  low  tempera¬ 
ture.  Secondly,  in  the  case  of  especially  high  quality  of 
the  weld  metal,  the  negative  influence  of  impact  loading 
is  not  manifested. 

Samples  of  12GN2MFAYU  steel  with  a  butt  joint  made 
by  mechanised  COj  welding,  were  cut  out  of  24  mm 
plates.  The  weld  on  one  plate  was  subjected  to  argon- 
arc  treatment,  the  weld  on  the  other  plate  was  left  in 
the  initial  condition.  Fatigue  testing  of  the  samples  was 
conducted  at  R  =  0.5.  In  one  batch  of  flat  samples  of 
09G2S  steel  with  24X80  mm  cross-section  and  a  tran¬ 
sverse  fin,  the  fillet  weld  was  subjected  to  surface  ul¬ 
trasonic  work  hardening,  and  in  the  other  it  was  left  in 
the  initial  condition.  Fatigue  testing  was  conducted  at 
R  =  0.56,  The  derived  results  of  welded  samples  testing 
showed  that  with  untreated  welds  the  influence  of  im¬ 
pact  loading  at  low  temperature  is  quite  significant,  and 
among  the  considered  methods  of  weld  treatment,  ul- 
tra.sonic  work  hardening  of  the  surface  is  the  most  ef¬ 
fective  method  of  improvement  of  welded  joint  fatigue 
resistance  under  the  conditions  of  impact  loading  and 
low  temperature.  Increase  of  the  endurance  limit  (oh 
1-10*^  cycle  base)  was  42  %  with  the  selected  mode  of 
ultrasonic  work  hardening  compared  to  33  %  after 
argon-arc  treatment. 


IMPROVEMENT  OF  THE  ELEMENTS  OF  WELDED 
STRUCTURES  OF  BUILDINGS  AND  ENGINEERING 
FACILITIES.  V.N.Shimanovsky,  V.N.Gordeev,  (UkrNllp- 
roektstalkonstruktsia,  Kiev,  Ukraine).  Welding  as  a  tech¬ 
nology  of  joining  structural  elements  permits  develop¬ 
ment  of  new  designs  of  elements  and  systems  of 
buildings,  as  well  as  constructions  made  of  them. 

The  influence  of  a  particular  welding  technology  on  the 
cross-sections  of  elements  and  components  of  various 
structures  is  considered.  Their  evolution  over  the  last 
20  to  30  years  is  shown.  The  data  are  given  on  metal 
content  with  application  of  thin-walled  cold-bent  closed 
elements  of  various  profiles,  the  development  of  which 
became  possible  only  due  to  welding. 

An  especially  great  attention  is  given  to  structures  with 
initial  inner  stresses  opposite  in  sign  to  the  stresse,? 
developing  under  service  loads. 

A  possibility  is  shown  of  development  of  such  combi¬ 
nations  of  steels,  structures  and  welding  modes  which 
would  allow  the  welding  stresses  to  be  used  for  active 
control  of  the  stressed -strained  state  of  structures. 
Alongside  with  the  structural  elements,  various  systems 
of  buildings  and  constructions  are  considered  which 
during  mounting  develop  stresses  opposite  in  sign  to 
those  induced  by  service  loads.  Taking  as  an  example 
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Hapfifly  c  9/ieMeHTaMM  KoncTpyKHnPi  paocMaipunaioT- 
cfl  paani'iHHbie  oMCxeMbi  a/iaHMfi  h  coopyxceHufi,  b  ko- 
Topbix  B  npouQcce  MonTa)Ka  cosAaioTCB  Hanpfl)KeHMP., 
o6paTHb!e  no  anaKy  HanpaxennsM  or  sKcn/iyaTanMOH- 
Hbix  narpyaoK.  Ha  npnMope  TpaflMUnoHHoro  poiiieHnn 
oflHoro  H3  BMAOR  nnxenepHbix  coopyxeHwfi  oo  ceap- 
HbiMM  coeA''iHeHMnMH  (peaepr.yapoB)  npnBOARTcn  ho- 
Bbie,  rio3BonniouAne  cyiAocTBeHHO  CHnanxb  Mexa/i/io- 
GMKOCXb  M  CXOMMOOXb  CXpOMXe/lbCXBa, 

nPMHUHnb!  HOPMMPOBAHMS!  nOKASATE/lEM 
KOPPOSMOHHOM  CTOMKOCTM  M  flO/irOBEH- 
HOCTM  B  PAC4ETAX  HO  HPEAEJIbHbtM  C0CT05!- 

B.  n.  Koponon,  P.  P.  ToncTfiKOB  (fioH6ac.  roc. 
aKan.  crp-BB  m  apxm.,  r.  MaKcesKa,  VKpariHa).  Aan 
aHaAM3  oyi.necxByK)iAeti  HopMaxnnHon  6a3bi  npoexxn- 
poBaHnn  npoxnnoKoppoaMonHOM  aamnxbi  cxaRbHux 
KOHOxpyKnnti  aAOHiiCi  n  coopyxennPi.  B  KanecxEG  ko- 
AMHeCXBHHHOro  KpMXepMA  OAOHKH  3Ct)(fieKXHBH0CXM  Mep 
no  aaiUMXe  ox  Kopposnn  npeAJiaraexcn  ncnoAbaoBaxb 
K03({)(})HHMeHX  naAOXHOcxn  npoxnooKoppoanoHHon 
aaiAnxbi.  OnpeAo/ieHi-ie  K034)tt>nuMeHxa  i-iaAexHOCxn 
npon3BOAHXcn  b  cooxBexcxBi-in  c  noAxoAaMn  moxoahkh 
npeAenbMbix  cocxoBHwfi  b  saencnMocxn  ox  cxenenn  ar- 
peccMBHocxn  BosAof'cxBna,  KOHC.xpyKxnnnbix  peujennM 
n  xnna  aamnxiihix  noKpbixnn. 

OuenKa  noKaaaxeAeti  naAG>KHocxM  cxponxe.nbHHX  Me- 
xa/iAOKOHCXpyKAMM  CBAsana  c  McnojibsoBauMCM  paapa- 
eoxanHoro  aHanwxMMecKoro  annapaxa,  BKxiioHaKiiAero 
oSocHOBauMe  HopMaxnnubix  xapaxxepncxnK  Koppo- 
anoHHbix  BoaAOMCXBnft,  Bbi6op  pacHexHux  moagagR  n 
cnxyaqnM  npn  BbinoAHeHnn  pacxexa  na  KoppoanonnyK) 

CXOilKOCXb  M  AO/irODOMHOCXb. 

Ccf)opMyAi'iponaMRhii'^  MexoAnsecKnPi  hoaxoa  k  pacnexy 
cxponxoAbHbix  MexaAAOKOHcxpyKi^nM  Ha  KoppoaiioH- 
Hyio  cxoHKocxb  M  AonroBOHHOcxb  peaAHaoRaH  npw  noc- 
xpoenwn  axcnepxHOM  cMCxeMhi,  BK/iiOHaioiAGH  xpefio- 
BaHMH  cxponxeJibHbix  HopM  M  npasHB,  rocyAapoxBOH- 
Hbix  cxaHAopxoB  B  oSAaoxH  KopposMH  H  aaiAHXbi  we- 
xa/IJIOB.  B  COOXBGXCXBKM  C  COBpeMeHHHMH  npOACXaB- 
/leHHBMM  o  npo6BeMe  HaAe>KHocxM  cxpoMxeAbHbix 
o6x.eKXOB,  onpeAeneHHe  ochobhhx  pacnexubix  napa- 
MexpoB  ocyuxecxBAAexcB  nyxeM  onHoaniiB  cf)M3HHecKHx 

BBAGHHM,  KOXOpblG  BXOAHX  B  OXAO/lbHbie  COCXaBARIO- 
mbie  cHcxeMbi  KOHCxpyKAHn-HarpyaKa-cpeAa. 

CHMJKEHME  BSPblBOOriACHOCTM  CBAPHbIX 
TPyBOmiPOBOAOB.  B.  H.  CTon6oB  (nonnrex.  m-T, 
r.roAbBXXM,  P0).  HaBecxHO,  Hxo  80  %  asapHH  Ha  wa- 
XMcxpanbUbix  xpy6onpoBOAax  npoHcxoAWX  b  peayAbxa- 
xe  MX  paapyujeHMH,  hphmmhom  Koxoporo  nBAnexoB  xma- 
poyAap,  BoaHMKaioiAMR  npM  KOAe6aHM3X  pacxoAa  m/im 
peaoHanca  boah.  floaxotviy  paapaOoxxa  moxoaob  oc- 
m6nenm  AG>^cxBHn  xMAPoyAapa  npMo6pexaGX  eaxcHoe 
aHaneHMe  b  oOecneneHMH  xHBynecxM  xpyOonpoBOAoa. 
Pa3pa6oxaHHasi  MaxeMaxMHecKap  moasab  XHAPoyAapa 
B  xpy6onpoBOAax  c  SAacxMHHOM  BoxasKOM  no3ROAMAa 
npoMHxexpHpoBaxb  AH't^txapeHUMaAbUbie  ypaBHenMA 
HeycxaHOBHBAierocA  ABMXxenMq  xmakocxm  b  xpy6ax  m 
npoanaAMSMpoBaxb  BAi-ixiHMe  pPAa  (t)aKxopoB  Ha  agm- 
nctiMpytoi.UMe  cBOMoxBa  yrtpyxoM  oeoAOHKM  c  ynexoM 
cxAa>KMBaHMfl  cfipoHxa  VAapHOM  BoAHbi,  BbisBaHHoxo  no- 
AaxAMBocxbKD  BHyxpoHHQXo  xpyOonpoBOAa,  PacMexbi 
noKasaAM  ooAa6AGHMe  XMApoyAapa  ^iA3  pasAHHUbix  pe- 
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the  traditional  solution  for  one  of  the  kinds  of  enginee¬ 
ring  constructions  with  welded  joints  (tanks),  new  solu¬ 
tions  are  discussed  which  allow  an  essential  reduction 
of  the  metal  content  and  cost  of  construction. 


PRIWCIPLESOFRATINGTHECHARACTERJSTiCSOF 

CORROSION  STRENGTH  AND  FATIGUE  LIFE  DU¬ 
RING  CALCUI^TION  BY  LIMITING  STATES.  V.P. Ko¬ 
rolyov,  R.G.Tolstyakov  (Donbass  State  Academy  of 
Construction  and  Architecture,  Makeevka,  Ukraine). 
The  existing  codes  and  specifications  for  designing  the 
corrosion  protection  of  steel  structures  of  the  buildings 
and  constructions  are  analysed.  It  is  proposed  to  use 
the  coefficient  of  corrosion  protection  reliability  as  the 
quantitative  criterion  of  evaluation  of  the  effectivenes,s 
of  the  corrosion  protection  measures.  The  coefficient 
of  reliability  is  determined  in  keeping  with  the  approac¬ 
hes  of  limiting  states  procedure,  depending  on  the  de¬ 
gree  of  the  impact  aggressiveness,  design  solutions 
and  protective  coating  type. 

Evaluation  of  the  reliability  characteristics  of  the  building 
metal  structures  involvG.s  the  use  of  the  developed  ana¬ 
lytical  procedure  v/hich  includes  substantiation  of  the 
rated  characteristics  of  the  corrosive  attack,  selection 
of  calculation  models  and  situations  In  corro.sion  resis¬ 
tance  and  fatigue  life  analysis. 

The  defined  melhodological  approach  to  building  metal 
structures  de.sign  for  corrosion  resistance  and  fatigue 
life  was  implemented  in  an  expert  system  including  the 
requirements  of  the  building  codes  and  regulations,  and 
state  standards  on  corrosion  and  protection  of  metals. 
In  keeping  w'ith  the  current  concepts  of  reliability  of 
construction  facilities,  the  main  design  parameters  are 
defined  by  description  of  the  physical  phenomena  which 
are  inherent  in  individual  components  of  the  structure- 
ioad-environrnent  system. 


REDUCTION  OF  EXPLOSION  HAZARD  OF  WELDED 
PIPELINES.  V.i.Stolbov  (Poiytechnic  institute,  Tolyatti, 
Russia),  it  is  known  that  80  %  of  accidents  in  the  main 
pipelines  occur  due  to  their  fracture  because  of  a  hyd¬ 
raulic  impact  created  by  flov/  rate  variation  or  wave  re¬ 
sonance.  Therefore,  searching  for  the  methods  to  we¬ 
aken  the  hydraulic  impact  becomes  very  important  in 
provision  of  pipeline  viability. 

The  developed  mathematical  model  of  hydraulic  impact 
in  pipelines  with  an  elastic  insert  permitted  integration 
of  the  differential  equations  of  unsteady  flow  of  liquid 
in  the  pipes  and  analysis  of  the  intluence  of  a  number 
of  factors  on  the  damping  properties  of  an  elastic  shell 
allow'ing  for  smoothing  of  the  shock  wave  front  caused 
by  inner  pipeline  compliance.  Calculations  demonstra¬ 
ted  weakening  of  the  hydraulic  impact  for  various  modes 
of  operation  of  pipelines  with  an  elastic  insert.  The  de- 
p(3ndence  of  the  hydraulic  impact  amplitude  on  the  pro- 
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CBAPHblE  KOHCTPymm _ 

>KMMOB  sKcnjiyaraunii  xpydonpoBOAOFi  c  3/iaoTH4Hoti 
BcraBKOM,  OnpeAGaeMa  aasucuMocTb  AMnanTyAb!  ruA- 
poyAapa  ot  cbomctb  TpancnopTupyeMOM  )khakocth, 
MaTepnaaa  Hecymero  Tpy6onpoBOAa  m  t.  n. 
Pa3pa6oTaHO  KOHorpytCTUBHoe  peiueHne  no  cosAannio 
Tpy6onpoB0Aon  c  AonoBHHTGnbHbiMn  sneMSHTaMn  no- 
AaT/inBOCTM  cTenoK,  KOTopoe,  cornacHo  pacMexaM  no 
cocxaB/iennon  MaxeMaxunecKoti  moasjih,  ocaaS/iBex 
ruAPoyflap  na  nopBAOK  aa  c'-iex  asmoxbub  Aewnctinpy- 
lOiAeix  cpsAbi  M  crjiaxciieaHUfi  (fjpoHxa  yAapHofi  boahU: 
a  B  pBAS  cny'-iaes  oSecneMneaex  ABaflpaxuKpaxuoe 
cHMxeHiiG  aMHAMxyAbi  rnAPoyflapa.  ripn  sxom  c  ueabio 
yBeAMMeHMB  peoypca  xpySonpoBOAOB  AeMntfiwpyioiAaa 
cpeAa  Bb!6npaexcB  HHepxHoti  no  oxHooieHUio  k  waxe- 
pnaAy  xpy6onpoB0Aa. 

B  HacxoBinee  BpewB  ocytueoxBAAioxcA  padoxbi  no  bbi- 
6opy  onxMMaAbHbtx  KoncxpyKi^nfi  xpy6onpoBOAOB  paa- 
AMAHoro  HasHaMGiiMfi  c  AonoAunxGAbHWMM  saeMeHxa- 
MW  noAaxjinBocxn  cxenoK,  b  xom  bmoag  aab  xpy6onpo- 
BOAOB  xonAHBHbix  cncxGM  ABMraxeaeR, 
ripeAAaraeMoe  poujenne  sHannxeAbHo  o6AerHaex  mo- 
HnxopMHX  xpy6onpoB0A0B  m  CHMxaex  3KOAornHeoKnn 
yiiJiep6,  Bbi3BanHb(i^  paaanBOM  Hecpxn  m  BspbmaMn 
xpaHcnopxHpyeMoro  rasa.  OxnAaewoe  noBbiiuenne 
peoypca  MarncxpanbHbix  xpySonpoBOAon  aa  cmgx  npn- 
MeHenMB  peKOMeHAysMoro  Koi-icxpyKxnBiioro  peiueHtia 
cocxaBABGX  600... 800  %. 

CBAPKA  TOHKO/iMCTOBbJX  KOHCTPyK^l^^1  C 
nPMHVAMTE/ibHblM  OX/!A>KAEHMSM.  A.  M.  Tefl- 
POBIIH,  A.  5.  )KmKOB  (BocT.-yKp.  roc.  yn-T,  r./lyrancK, 
VKpanna).  Oahom  m3  npHHunnnanbHbix  BosMoxHocxen 
yMeHbiiJeuMB  mam  yoxpaHeHMB  ceapoxubix  AOft’opMa- 
HMM  M  HanpaXeHMM  BXOUKOAMCXOBblX  KOHCXpyKUMBX  BB- 
AnexcB  OBapKa  c  ncKyccxseHHMM  oXAaxASHMGM  30Hbi 
xepMMMeoKoro  bamahmb  uibb.  A(o6om  cnoco6  ceapKM, 
npM  KoxopoM  ocyiiiecxBABexcB  MuxeBcii^MKaunn 
xenAooxBOAa  ox  m3A8Amb,  Moxex  cHMxaxbcn  cnoco6oM 
CSapKM  0  MCXyCCXBSHHblM  XenAOOXBOAOM. 

K  xenAOOXEOABiAMM  ycxpoMCXBaM  m  cnocoSaM  oxho- 
cnxcB  MGAHwe  noAKJiaAKu;  noAsyHbi;  npncnocoSAsnMB, 
o6AyBaioiUMe  nosepxHocxb  raaaMM  mam  OMbiBaxiiAMe 
boaom;  cMcxeMbi,  McnoAbsyioinMe  scpctjeia  xanMAAsp- 
hocxm;  npMMeKeHMG  nopMcxbix,  BOAOKUMcxbix  MaxepM- 
aAOB,  xenAooxBOAAiAMX  nacx  m  KpMcxaAAMBGCKMx  xen- 
AonoxAoxMxeAeM,  a  xasoxe  HM3K0XGMnepaxvpnbix  cpeA, 
nanpMMep  xmakoxo  aaoxa. 

Ann  onpeAeaeHMfi  HaM6oAee  acptpexxMBHbix  m  xexHo- 
AorMBHbix  cnoco6oD  npMHyAMxeAbHoro  oxAaxAeiiMA 
BbinoAHsn  MX  cpaoHMxeAbHbiM  aHanM3,  OpeHicy  pasMe- 
POB  aKXMBHOM  30Hbl  npM  CBapxe  OCyLUeOXBAAAM  Mexo- 
AOM  noAoc  xeKyaecxM  c  McnoAbaosanMeM  u,Mt})poEOM 
(JjoxoKaMepbi. 

SxcnepMMeHXbi  npoMSBOAHAM  Ha  oSpasnax  m3  cxbam 
BCxSnc  pasMspoM  2X300X400  mm.  HepeA  CBapKOM 
oCipaau.b!  oxxMraAM  aaa  chbxmb  BHyxpenHMx  iianpaxe- 
HMM.  HanAanxy  BaAMxa  BbinoAnnAM  no  peHxpy  AMCxa 
py-iHOM  AyroBOM  CBapKOM  noxpbixbiMM  sAeicrpoAaMM  m 
aBXOMaXMHBCKOM  CBapKOM  B  CO2. 

Csapxy  o6pa3U,OB  boxbik  BbinoAHHAM  pyHHoti  aytobom 
CBapKOM  Ha  xex  xe  pexMMax.  TenAooxsoA  ocyu^ecx- 
EAHAM  npM  OXAaXAfiHMM  OAHOfi  CXOpoHbl  OX  CBapHOXO 
LUBa  MAM  AOKHAbHO  Ha  OrpaHM'IGHHOM  yHaCXKG. 
flpoEeAGHHbie  MCCAGAOBaHMS  nosBOAHnM  cAanaxb  CAe- 
Ay>ouj,Me  BbiBOAbi: 

•  oxAaxcA.eHMec  McnoAbsoBaHMew  cbo6oahom  boaw  hg- 


perties  of  the  Iransported  liquid,  load-carrying  pipeline 
material,  etc.,  has  also  been  determined. 

A  design  solution  has  been  developed  which  consists 
in  making  pipelines  with  additional  elements  of  the  wall 
compliance,  which,  according  to  calculations  by  the 
constructed  mathematical  model,  weakens  the  hydra¬ 
ulic  impact  by  an  order  of  magnitude  due  to  the  action 
of  the  damping  medium  and  smoothing  of  the  shock 
wave  front,  and  in  a  number  of  cases  provides  a  20-fold 
reduction  of  the  hydraulic  impact  amplitude.  In  this  case, 
adarnping  medium  inert  relative  to  the  pipeline  material, 
is  selected  in  order  to  extend  the  pipeline  life. 

Work  is  currently  in  progress  to  select  the  optimal  pi¬ 
peline  designs  for  various  applications  with  additional 
elements  ot  the  wall  compliance,  including  the  piping 
of  engine  fuel  systems.  The  proposed  solution  greatly 
facilitates  pipeline  monitoring  and  reduces  environmen¬ 
tal  damage  from  oil  spills  and  transported  gas  explosi¬ 
ons.  The  anticipated  extension  of  the  life  of  the  main 
pipelines  due  to  application  of  the  recommended  design 
solution,  is  600  to  800  %. 


WELDiWG  OF  SHEET  STRUCTURES  WITH  A  FOR¬ 
CED  COOLING.  A.I.Gedrovich,  A.B.Zhicjkov (East-Uk- 
rainian  State  Univ.,  Lugansk,  Ukraine).  One  of  the  prin¬ 
cipal  possibilities  of  reduction  or  elimination  of  welding 
stresses  and  strains  is  welding  with  artificial  cooling  ot 
the  weld  HAZ.  Any  welding  process  with  an  intensifica¬ 
tion  of  heat  removal  from  the  item,  can  be  regarded  as 
the  welding  process  with  artificial  heat  removal. 
Heat-removing  devices  and  methods  include  copper 
backings;  shoes;  devices  blowing  the  surface  with  gases 
or  washing  it  with  water;  sy.stems  based  on  the  capillarity 
effect;  application  of  porous,  fibrous  materials,  heat-re- 
moving  pastes  and  ciA'stalline  heat  absorbers,  as  well 
as  low-temperature  media,  tor  instance  liquid  nitrogen. 
In  order  to  determine  the  most  effective  and  adaptable 
to  fabrication  methods  of  forced  cooling,  their  compa¬ 
rative  analysis  was  performed.  The  dimensions  ot  the 
active  zone  in  welding  were  evaluated  by  the  flow  line 
method  with  a  digital  photo  camera. 

Experiments  were  performed  on  2X300X400  mm  sam¬ 
ples  of  VSt.Sps  steel,  Prior  to  welding  the  samples  were 
annealed  to  relieve  the  inner  stresses.  The  bead  was 
deposited  in  the  sheet  center  with  coated-electrode  ma¬ 
nual  arc  welding  and  automatic  COj  welding. 

Manual  butt  v/elding  of  samples  was  performed  in  the 
same  modes.  The  heat  was  removed  by  cooling  from 
one  side  of  the  v/eld  or  locally  in  a  limited  area. 

The  performed  investigations  led  to  the  following  con¬ 
clusions: 

•  cooling  with  free  flowing  water  is  not  adaptable  to 
fabrication,  a,s  local  metal  deformations  in  welding  do 
not  permit  a  reliable  sealing  of  the  water  tank.  Therefore, 
use  of  water  cooling  of  the  lower  side  of  the  welded  butt 
hinders  the  removal  of  air  bubbles  from  under  the  sur¬ 
face  being  cooled; 

•  application  of  crystalline  heat-absorbing  rods  is  sui¬ 
table  for  automatic  welding  but  complex  in  the  manual 
and  mechanised  welding; 
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TexHO/iornHHo,  nocKo/ibKy  /ioKa;ibHbie 
MeTa/i/ia  npw  csapKe  He  nosRonaioT  naflexHo  repMe- 
TUSMpOBaTb  eMKOCTb  C  BOflOM.  floeTOMy  HCnOJlbSOHa- 
HMe  oxaa)KfleHH!i  eoAoii  HHXHeti  cToponbi  ceapHoro 
cTbiKa  aaTpyAHBGT  yfla/iemie  BosAVLUnbix  nyabipew  M3- 
noA  oxAaJKAaeMofi  noBepxHOCTM; 

•  npuMSHeHMe  KpMOTa/iBMHecKMX  Ten/ionor/iomaiciMi'ix 
CTepxHeii  TexHoaornsHo  npn  aBTOwaTWHecKOM  ceapKe, 
HO  caoiKHo  npH  pyHHOM  M  MexaHMSupoBanHOH; 

•  npuMeHeHne  MeAHoCi  noAKRaAKii  BBaaeicB  Haw- 
fioAee  TexHOAoruMHbiM  m  npM  ncnoAbaoeaHnn  npowe- 
xcyTOHHoro  caor  MO>xeT  6hiTb  peKOMeHAoeaHo  aji^ 
npaKTHHecKoro  BHeApeiiHR; 

•  npuMGHeHne  nopucTbix  MaiepHaaoB  {creKaoBaTbi), 
npOnMTaHHbIX  BOAOR,  AaST  BWCOKyiO  acfxpeKTMBHOCTb 
TennooTBOAa  m  TexHonoruMHo,  ho  a^iR  npaxTHKH  Heo6- 
xoAiiMbi  6ojiee  AflTaAbHhie  uccneAQRanMH  c  neabio  bw- 
pa6oTKH  onTHManbiibix  napaweTpoB  oxBa>KAennB; 

•  oxAa>KAeHne  o6AyBoM  bosavxom  nweex  HHaicy-o  att)- 
cpeKTMBHOCTb  1-1 B  Ka'iecTBe  onoco6a  abb  chhxcohhb  caa- 
po'iHbix  AecliopwanMM  n  HanpfixeHMti  McnoAbaoeaHo 

fiblTh  He  MOXeT. 

nOBblUJEKME  flOfirOBE*^!HOCTM  nAPOnPOBOA- 
HblXTPye  M3  CTAJIM  IBXIMICU  nyTEM  BOCCTA- 
HOBMTETIbHOM  TEPMMMECKOM  OBPABOTKM. 

B.  lO.  Araeo  (MmsHepro  PVB,  r.  TawKSHT,  VaSemcTaH), 
A.  A.  MyxaMMBAOB,  M.  A.  A6panoB  (Poe.  TexH.  yn-T, 
r.TaujKeHT,  y36BKUiaTan).  B  coctobhhm  nocTaBKM  Me- 
TaAJi  naponpoBOAHbixTpy6  na  cTaat-i  1 5X1 M10  AOAxceH 
MMSTb  OTpyKTypy  O  COAepjKaHMGM  6eMHMTH0M  COCTaB- 
ABioiAeti  He  Menee  20  %.  3to  oOecneHMBaoT  aooth- 
TOHHbiH  ypoBOHb  noKaaaTGBeii  MGxanHHecKHX  cbohctb 
KaK  npM  KOMHaTHoM,  Tax  M  npM  pa6oMeCi  TGMnepaTypax. 
nocae  AanTGnbHoPi  aKcnayaiauHH  a  ycaosMBX  bhookhx 
AaBaeHUfi  n  Tewneparyp  b  MGTaaae  naponponoAHbix 
Tpy6  aatpKKCi-ipoBanbi  aHaMUTeabHbie  MSMeneHHB  erpyx- 
Typbl  M  CBOMOTB.  ripOMCXOAMT  KoaryaRAMB  H  CCpepOl-IAH- 
aaquR  KapCnA^wx  aacTMU,  oSeAneHMe  ^leppmaaerMpy- 
ioa;nMM  saeMGHTaMM,  mto  b  cboio  oaepeAb  npneoAHT  k 
CHUXGHiiio  >Kaponpo'iHOOTM  m  ycKopenmo  noasyaecTH. 
Ueab  BoccTaHOBMTeabHoii  TexHuaeoKOA  o6pa6oTKM  — 
nyreM  noBTopnoti  (paaoBoii  nepeKpHCTaaaHaanMM  npi-i- 
AaTb  cTpyKType  n  cBoiicTBaM  ciaaM  hcxoahog  cocto- 
BHHG.  flaa  naponpoBOAHbix  Tpy6  m3  craai-t  15X1M1<t> 
peKOMGHAyiOTCR  paaaHHHblG  peX<MMbl  BOCCTailOBM- 
TeabHofi  TepMHHQCKoR  o6pa6oTKM.  flepBaa  ee  cTyneHh 
BKaioaaeT  HopMaanaaAHio  cTeMnepaxyp  Harpeea  b  ao- 
BoabHO  lUMpoKOM  MHTGpBaae  (1000.. .1070  ‘C).  KaKMx- 

m6o  pGKOMeHAaAMM  oTHOCHTeabHO  cKopocTxi  oxaaxc- 

AGHUR  npn  HopMaan3anMM  He  npHBOAHToa.  Bropafi  OTy- 
neHb  BOCCTaHOBMTeabHOM  repwa'iecKOM  ofipaOoTKH 
BKaionaeT  oTnycK  npM  TeMnepaiype  740.. .760  ’C  b  tg- 
HGHMG  1  0  4  C  peabK)  AHCnepCMOHHOroynpOHHGHMR  MaT- 
pnUbi  cnaasa  (cJieppiiTa)  aa  chgt  BbtARae'Hna  H3  TBep- 
Aoro  pacTBopa  xapOHAOB  BaHaAHR.  Ohobmaho,  hto  b 
aaSHCHMOCTH  OT  MaCCbl  MSAeaMR,  TOaaiHHbl  CTGHKM 
Tpy6bi  H  TGMnepaTypbi  oKpyxaiomGii  cpeAw  peaanay- 
GMaa  cKopocTb  oxaa>KAeHMR  OyAST  ci-iabHo  oTanaaTbCR. 
CKopocTb  oxaa>KAOHMR  npH  HopMaan3aij.nn  nenoepeA- 
CTBGHHO  CKaabiBaeTCR  na  CTeneiiH  aerMpoBanHooTH 
TBepAoro  pacTBopa  oo-cfiaabi  n  na  cTeneHU  Ancnep- 
CMOHHoroTDepAeHMR  npM  oTnycKG,  HTo  oco6eHHo  Bax- 
Ho  ABR  cayHaeB  nHAVKM,HOHHoro  Harpeea,  xorAa  oxaax- 
AaeMaR  'lacTb  xpySbi  MMeer  xenaoBOM  noAnop  co  exo- 
poHbi  narpeBaeMOM  Macxn. 


.  application  of  the  copper  backing  is  best  adaptable 
to  fabrication  and  can  be  recommended  for  practical 
introduction  with  the  use  of  the  intermediate  layer; 

•  application  of  porous  material  (glass  wool)  impregna¬ 
ted  with  water,  provides  a  high  efficiency  of  heat  removal 
and  is  adaptable  to  fabrication,  but  more  detailed  in¬ 
vestigations  are  required  for  practical  purposes  in  order 
to  optimise  the  cooling  parameters; 

•  cooling  by  blowing  with  air  is  ineffective  and  cannot 
be  used  as  the  method  of  lowering  the  welding  stresse.s 
and  strains. 


INCREASE  IN  LIFE  OF  STEAM  PIPING  OF  1  SKhI  Ml  F 
STEEL  RECOVERED  BY  HEAT  TREATMENT. 

V. Yu. Ataev  (Minenergo  Ruz,  Tashkent,  Uzbekistan), 
A.A.Mukhammedov,  M.A.Abralov  (State  Techn.  Univ., 
Tashkent,  Uzbekistan).  In  as-delivered  condition  the 
metal  of  steam  piping  of  15Kli1M1F  steel  should  have 
the  structure  with  not  less  than  20  %  fraction  of  the 
beinite  component.  This  provides  a  sufficient  level  of 
the  mechanical  properly  values  both  at  the  room  and 
working  temperatures. 

Significant  changes  in  the  steam  piping  metal  were  re¬ 
gistered  after  long-term  operation  at  high  pressures  and 
temperatures.  Coagulation  and  spheroidizing  of  carbide 
particles  and  ferrite  depletion  in  alloying  elements  take 
place,  this  in  its  turn  leading  to  lowering  of  high-tempe¬ 
rature  strength  and  increase  of  the  creep  rate. 

The  purpose  of  recovering  treatment  by  repeated  phase 
recrystallization  is  to  restore  the  initial  condition  of  the 
steel  structure  and  properties.  Various  modes  of  reco¬ 
vering  heat  treatment  are  recommended  for  steam  pi¬ 
ping  of  IBKhlM IF  steel.  Its  first  stage  consists  in  nor¬ 
malizing  from  the  heating  temperatures  in  a  rather  broad 
temperature  range  (1000-1070  'C).  No  recommenda¬ 
tions  on  the  cooling  rate  in  normalizing  are  given.  The 
second  stage  of  recovering  heat  treatment  includes 
tempering  at  the  temperature  of  740-760  "C  for  10  h, 
which  provides  dispersion-hardening  of  the  alloy  matrix 
(ferrite)  at  the  expense  of  vanadium  carbides  precipi¬ 
tation  from  the  solid  solution,  it  is  obvious  that  the  ac¬ 
hievable  cooling  rate  will  differ  greatly  depending  on  the 
item  weight,  pipe  wall  thickness  and  environmental  tem¬ 
perature. 

The  cooling  rate  in  normalizing  has  a  direct  influence 
on  the  degree  of  alloying  of  the  co-phase  solid  solution 
and  on  the  degree  of  dispersion  hardening  in  tempering, 
this  being  especially  important  for  the  cases  of  induction 
heating  when  the  cooled  part  of  the  pipe  is  exposed  to 
the  heat  coming  from  the  side  of  the  heated  part. 

The  enterprises  of  Minenergo  and  other  ministries  of 
Uzbekistan  Republic  do  not  have  at  their  disposal  any 
largo-sized  heating  devices  with  a  precise  distribution 
of  temperatures  over  all  the  heating  zones.  In  this  con¬ 
nection  the  recovering  heat  treatment  of  steam  piping 
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ripeflnpuFiTMfl  MMH3Hepro  n  flpyrux  MUHncrepcTB  pec- 
ny6;iMKH  VseeKMCTaH  He  pacnoaaratoT  KpynHora6apMT- 
HblMM  HarpesaTeBbHfalMM  yCTpotiCTBaMM  CTOHHbIM  pac- 
npefle;ieHneM  Tewneparyp  no  Bcew  aoHaw  Harpeea.  B 

CBH3M  C  3TMM  npH  BOCCTaHOBHTe/lbHOH  TepMHHeCKOH 
o6pa6oTKe  naponpoBOAHbix  xpyS  npMxoflmiocb  opMSH- 
THpoBaibCft  He  Ha  neHHOM  narpeB,  a  na  MHflyKUHOHHbiii. 
HeAocTaxKOM  MHAyxAHOHHoro  HarpesaBB/ifiexca  HariH- 
HMexen/ioBoro  noAnopacocxopoHbi  HarpeaaeMoJi  nac- 
XH  xpy6bi.  npM  HHAyxnMOHHOM  HarpeBe  npH  npose- 
ABHHH  HopMann3ai4MH  xpy6bi  045X245  mm  cKopocxb 
ox/iaxASHHA  HarpexoM  Hacxn  xpySbi  Ha  BOSAyxe  coc- 
xaBBHex  oKO/10  9  'C/mmh,  npw  seaxM/iaxopHOM  oxJia>x- 
AeHi/!H  —  okobo15’C/mhh.  CAeAOBanoycxaHOBHXbon- 
XHManbHyio  xeMnepaxypy  Harpeea  m  MWHMManbHO  ao- 
nycxMMyra  cxopocxb  ox/iaxASHHB  nprt  4)opMnpoBaHMM 
y  cxanH  tviapKH  15X1  Ml  <t)  onxHMa/ibHOH  cxpyKxypbi. 
OnpeAeJieHo.HXOAfW  nonyMeHMBxaKHXcxpyicxyp  nocne 
BoccxaHOBHxenbHoii  xepMUMecKoii  o6pa6oxKH  xeMne- 
paxypa  riarpesa  noA  HopMa/iMaaLimo  Aonxna  cocxae- 
anxb  1100  "C.  B  sxom  cnyMae  npoHcxoAnx  Han6ojiee 
nojiHae  roMorenMaaAHH  aycxeniixa,  hxo  o6ecne4iiBaex 
ero  6onee  Bbicoxyio  ycxoRmiBocxb  k  pacnaAy  npM  ox- 
/laxAeHMM. 

ripH  HopMann3annn  CKopocxb  oxaa>KAenMB  AO/ixcHa 
6b(Xb  AocxaxoMHo  Bwcoxofi  ftnn  o6ecneMeHHB  cxpyxxy- 
pbi  aepHHcxoro  SeiiHHxa  hjim  4)eppnxH0-6eMHMXH0M 
CMecH  (He  Menee  20  %  6eMHMXHOM  cocxaB/iqiomeCi) 
cornacHO  TV  14-3-460-75. 

TaKHMo6pa30M,  npM  cKopocxM  ox/iax<AeHnq  15  ’C/mhh 
Aocxwraexcq  cxpyioypa  KpawHero  Sanaa  5,  nocne  ko- 
xopoti  HAyxyxe  SpaxoBOHHwe  cxpyicxypbi. 

PasHae  CKopocxboxnaxAeHHB  npH  HopMa/iH3auHM  cxa- 
nii  MapKM  1 5X1  Ml  cp  Aon>KHa  BnwBXb  na  cxenenb  nen-i- 
poBaHHocxn  xsepAoro  pacxBopa  c(-4>a3bi  H,  cneAoaa- 
xe/ibHO,  Ha  npopecc  AHcnepcnoHHoro  xBepAeHHS  npn 
oxnycKe.  Bbinn  npoBeAeHbi  cnenManbHue  3Kcnepn- 
Meuxbi  no  M3yHeHnio  bbubhub  CKopocxM  oxna)KAeHHB 
npn  HopMajiHsauHM,  xeMnepaxypbi  m  BpeMeHM  oxnycKa 
HaxBepAocxbcxanM.  BuBBxieHbi  hhkm  AncnepcMOHHoro 
XBepASHMa  npn  xeMnepaxype  oxnycxa  550  n  600  ’C. 

nPOmoaUPOBAHME  PECVPCA  OTBETCTBEHHbIX 
CBAPHbIX  KOHCTPyKUlMM  HA  CTAflMM  SKCnJlVA- 
TAI4HH.  A.  K).  EoHmpeHKo  anetcrpocBapm  hm. 

E.  O.  naroHa,  r.  /Cnee,  YKpatim).  nporHoanpoBaHne  mh- 
AHBMAyanbHoro  pecypca  cBapHbix  xoHcxpyKund  BKntoHa- 
ex  penbin  KOMnnexc  aaAan:  oueHKy  xeKymeroxexunHec- 
Koro  cocxobhub  oS-beiaa;  npornoaMpoeaHne  paaenxnn 
cocxoBHUB  Ha  SnnxoilUJee  SyAyiMee;  BbiAany  Ha  ocHoee 
sxoro  npoPHosa  peKOMeHAaunCi  06  onxnMa/ibHOM  ocxa- 
XOHHOM  cpoKe  3Kcn/iyaxaunM  (ao  cnncannH  AanHoro 
oS'beKxa  nnn  cpoxe  owepeAHoro  peMOHxa).  B  saAany 
nporH03vipoBaHHH  bxoahx  xaioxe  oueHKa  eeporixHocxn 
HacxynneHMB  oxKaaoB  c  uenbio  nx  npeAynpexcASHUH.  (Ipn 
peujeunn  Bonpoca  o  bosmoxhocxh  AanbHetiujeti  SKcnny- 
axaunn  KOHKpexHoro  xexHnnecKoro  oSbexxa  rpynna  3k- 
cnepxoB  McnoAbsyex  MaxeMaxnnecxyio  cpopMannsaAnio 
HHxynxnBHbix  npeACxaBAeHnn  06  ocxaxoHHOM  pecypce, 
OcHOBon  A^n  nporHoanpoBaHnn  BBnqexca  MHCpopMa- 
unq  no  KaxAOMy  KOHxpexHOMy  xexHMHScKOMy  oSbeKxy 
(xpySonpoBOAaM,  cocyAaM  n  APymM  oStexxaM  noBbi- 
oieHHofi  onacHocxn); 

•  AaHHbie  xeKymero  (onepaxMBHoro)  nepMOAnnecKoro 


had  to  be  oriented  not  to  the  furnace,  but  to  induction 
heating.  The  disadvantage  of  induction  heating  is  the 
heat  contribution  from  the  side  of  the  heated  part  of  the 
pipe,  in  induction  heating  during  normalizing  of 
045X245  mm  pipe,  the  rate  of  cooling  of  the  pipe  he¬ 
ated  part  in  air  is  about  9  'C/min  and  about  15  ’C/min 
with  fan  cooling.  The  optimal  heating  temperature  and 
minimal  admissible  cooling  rate  In  formation  of  the  op¬ 
tima!  structure  of  1 5Kh1  Ml  F  grade  steel  were  determi¬ 
ned. 

it  is  established  that  in  order  to  produce  such  structures 
after  recovering  heat  treatment  the  temperature  of  he¬ 
ating  for  normalizing  should  be  1 1 00  "C.  In  this  case  the 
austenite  homogenizing  is  the  most  complete,  thus  pro¬ 
viding  its  higher  resistance  to  decomposition  in  cooling. 
The  cooling  rate  in  normalizing  should  be  high  enough 
to  provide  the  structure  of  granular  beinite  or  ferrite- 
beinite  mixture  (not  less  than  20  %  of  beinite  compo¬ 
nent)  according  toTU  14-3-460-75. 

Thus,  at  the  cooling  rate  of  15 'C/min  the  structure  with 
the  extreme  point  5  is  achieved,  which  is  already  follo¬ 
wed  by  rejected  structures.  The  different  cooling  rate 
in  normalizing  of  ISKhIMIF  grade  steel  should  influen¬ 
ce  the  degree  of  alloying  of  a-phase  solid  solution  and, 
therefore,  the  process  of  dispersion  hardening  in  tem¬ 
pering.  Special  experiments  were  conducted  to  study 
the  influence  of  the  cooling  rate  in  normalizing,  tempe¬ 
rature  and  time  of  tempering  on  steel  hardness.  Dis¬ 
persion  hardening  peaks  were  found  at  the  tempering 
temperature  of  550  and  600  ’C. 


PREDICTION  OF  LIFE  OF  CRICITAL  WELDED 
STRUCTURES  AT  THE  STAGE  OF  SERVICE. 

A.Yu.Bondarenko  (The  E.O.Paton  Electric  Welding  In¬ 
stitute,  Kiev,  Ukraine).  Forecasting  the  individual  life  of 
welded  structures  includes  a  whole  range  of  tasks,  na¬ 
mely  assessment  of  the  current  technical  condition  of 
the  object;  forecasting  the  development  of  this  condition 
in  the  near  future;  issuing  on  the  basis  of  this  forecast 
the  recommendations  on  the  optimal  residual  service 
life  (up  to  writing  off  this  plant  or  time  of  the  next  sche¬ 
duled  repair).  The  task  of  forecasting  also  includes  as¬ 
sessment  of  the  probability  of  failures  in  order  to  prevent 
them.  When  taking  a  decision  on  the  possibility  of  further 
service  of  a  specific  engineering  plant,  the  group  of 
experts  uses  mathematical  formalization  of  the  intuitive 
idea  of  its  residual  life,  The  following  information  on 
each  specific  engineering  plant  (pipelines,  vessels  and 
other  hazardous  objects)  is  the  basis  for  making  the 
forecast; 

.  data  of  the  current  (fast)  periodical  examination  for 
defects  during  service.  Control  can  be  continuous  or 
discrete  (for  instance,  timed  to  scheduled  preventive 
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noncKa  AecfieKTOB  b  npoLieoce  sKcn/iyaTauMH.  Koht- 
pojlb  MO>KeT  6blTb  HCnpepblBHblM  MJIM  flUCKpeTHblM 
(HanpMMep,  npMypoweHHbiM  k  njianoBbiM  npocJiM/iaKTM- 
HeCKMMMepOnpUBTMBM).  DpOBeAeHHbie  MCC;i£BAOBaHMft 
no  npHMeHeHMio  aKycTMHecKMX  mstoaob  coBwecTHO  c 

MarHMTHbIMM,  a  TaKXe  MGTOAOB  OAGHKH  MeXaHMHeCKMX 
CBOiiCTB  no  SHaHeHMBM  TBepAOCTM  M  COEMeCTHO  C  Bbl- 
6op04HblMM  MOnblTaHMBMM  Ha  paspblB  n03BOBfIK)T  MO- 
noAbsosaTb  oHCTewy  oubhkh  KanecTBa  m  nporH03npo- 
BaHHB  pecypca  MeTanna  CBapubix  KoncTpyKU,MM  npH 
opeHxe  oeteKTOB  noBbimeHHoii  onacHocTM.  OueHxa 
COCTOBHMB  SAeMeHTOB  CBapHbIX  KOHCTpyKAMH  BbinOB- 
HBeTCB  Ha  ocHOBe  Tpe6oBaHni^,  npuBeASHHbix  b  AHA- 
on  0.00-1 ,07-94,  AHAOn  0.00-1 ,08-94,  AHAOn  0,00- 
1.11-98  H  B  APyrHX  HopMaTMBHbix  AOKyMeHxax; 
t  AaHHbie  O  BAMBHHH  HarpySKM  M  APyrHX  yCAOBHBX  B3a- 

MMOASiicTBHB  ofiteKTa  c  oxpyxaiomeH  cpeAoti  (Awar- 
HOCTMHecKHe  AaHHbie  0  cocTOBHHM  H  HOTopMM  Harpy- 
xeHMB  o6teKTa  noBbiuieHHoii  onacHOCTM); 

•  BGCb  oObRM  anpHopubix  AaHHbix  o  MarepManax,  aae- 
MeiiTax,  yanax,  HarpysKax,  xoiopbie  nexai  b  ocHoee 
npomoanpoBaHMB  pecypca  h  oachkh  noKasaTeaeil  Ha- 
AexHocTH  Ha  ctaAHH  npoeKTupoeaHHfi  csapHbix  kohc- 
TpyKAMM. 

TaxMM  o6pa30M,  pa3pa6oTaHHaq  cncTeivia  nporHoaw- 
poBaHMB  ocTaTOHHoro  pecypca  cBapnbix  KOHCTpyKUMti 
no3Bo/iqeT  peKOMeHAOBarb  cnoco6  opeHKH  HHCpop- 
MauMM  M  npMHBTHB  peiueHHB  o6  ocTaTOHHOM  pecypce. 


maintenance).  The  performed  investigations  on  appii- 
cation  of  the  acoustic  methods  together  v/ith  the  mag¬ 
netic  methods,  as  well  as  the  methods  of  the  mechanical 
properties  evaluation  by  hardness  values  together  with 
the  selective  tensile  tests,  allow  the  system  of  quality 
assessment  and  forecasting  of  the  life  of  the  welded 
structure  metal  to  be  used  in  evaluation  of  the  more 
critical  objects.  Evaluation  of  the  condition  of  v/elded 
structure  elements  is  performed  in  keeping  with  the 
requirements  of  DNAOP  0.00-1.07-94,  DNAOP  0.00- 
1.08-94,  DNAOP  0.00-1.11-98  and  other  standards; 

•  data  on  the  influence  of  load  and  other  conditions  of 
the  object  interaction  with  the  environment  (diagnostic 
data  on  the  condition  and  loading  history  of  the  highly 
critical  object); 

•  total  scope  of  a  priori  data  on  the  materials,  elements, 
components  and  loads  which  are  the  basis  for  forecas¬ 
ting  the  life  and  evaluation  of  the  reliability  charac¬ 
teristics  at  the  stage  of  welded  structure  design. 

Thus,  the  developed  system  of  forecasting  the  residual 
life  of  welded  structures  allows  this  method  of  informa¬ 
tion  assessment  and  taking  a  decision  on  the  residual 
life  to  be  recommended  for  application. 
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MCC/IEAOBAHME  HPOUECCA  B03AEfiCTBM51 

MwinyAbCHoro  na/iyHEHHn  ontusECKoro 
KBAHTOBOrO  TEHEPATOPA  HA  AE®EKTbt  CTPO- 
EHMB  AyCTEHMTHbfX  CTAJIEM.  A.  M.  AnacoB 
((pmmn  Tom.  nonmex.  yn-ra,  r.  tOpra,  P0).  Xapon- 
poMHOGTb  MerajinoB  m  cnjiaeoB  b  SHawnTe/ibHOM  cTe-  | 
nenn  onpefle/isieTcq  Ha/iMMMeM  m  pasBUXMeM  waKpoc- 
Koni^HecKMX  flect)eKTOB,  cymecTBewHo  ocBa6/MioiiiMX 
pacMeTHoe  ceMeHne  roroBbix  noporocToaiiiHX  fleraaefi 
M  npMBOflqinMX  nx  8  HeroflHOCTb.  noarowy  npo6aeMa 
«3aaeMMBaHMq»  HaM6oaee  onacHbix  AecfieKTOB,  raxiix 
KBK  TpeuJiMHbi,  BBaaeToq  secbMa  aiayaabHoCi, 
l4eabflaHHOMpa6oTbi  aaioiioMaeTcq  BSKcnepuMenTaab- 
HOM  uccaeflOBaHUM  npoueccoB  BoafleficTBUB  koh- 
neHTpupoeaHHbix  noToxoB  sHeprMM  aaaepHoro  waay- 
HeHUB  Ha  MMXpOTpemHHbl  M  TpeUi,MHOnOflo6Hbie  fle- 
(JjeKTbi  c  BbixoAOM  Ha  noBepxHocTb  pm  mx  ycTpaneHUH. 
TpsLAMHonoAoCHbie  AecfieicTbi  MMHTupoeaBH  nyreMsa- 
ceepaoBKH  Meia/iAa  rpySonpoBOAa  pasMepoM 
2X20  MM  M3  craAM  MapKM  08X18H10T  c  nocAGAyiouAeM 
ycraHOBKoCi  c  HatBroM  aaicnenoK  M3  cjaaM  04X1 9H9, 

KOTopbie3ailJAM(t>OBblBaAM3anOAAMHOCnOBepXHOCTbK) 

Tpy6bi.  /lyM  Aaaepa  cfioKycMpoBaACB  Ha  rpaHMuy  pas- 
AGaa  saicnenKM  m  Tpy6bi.  Tnytmy  nponaaBBeHHB 
BapbMpOBaAM  B  aaSMCMMOCTM  OT  AAMTeAbHOCTM 
MMnyAbcoB  onTMHecKoro  XBaHTOBoro  renepaTopa 
(OKP)  TMna  «KBaHT  12>>,  ypoBHB  HanpaxaHMa  na  ero 
MOAyaaTope  m  noATBepxcAa^n  MeTaAAorpact)MMecKMMM 
MccAeAOBaHnaMM. 

fljia  MsyMeHHB  ctmsMKo-XMMMMecKMX  npouBccoB  naas- 
ABHHa,  KpMCTaAAM3aU,MM  M  TpeiAMH0b6pa30BaHMa, 
npoieKaioiAMX  b  peayAbTaxe  BoaAeficxBMa  AaaepHoro 
MsayHeHMa  Ha  MexaaA,  Obiao  McnoAbaosaHo  aEAeHMe 
aKycxMHecKOM  smmccmm  (A3),  CMrHaAW  A3  nocxynaAM 
aepea  nbeaonpeoOpaaoBaxGAb,  ycxaHOBAeHHbiM  Ha 
xpy6onpoBOAe,  Ha  M3MepnxeAb  aicyoxMHecKMX  CMTHa- 
AOB  HAC-4  c  nocAGAyioLAeM  perMcxpapMefi  B  anaAoro- 
BOM  BMAe  Ha  caMonMCue  H338-4n. 

Aah  onpeASAenMa  aHeprexMMecKMX  napaMGxpoa  cnexxpa 
CMPHaAOB  A3  ox  npoueccoB  nAaBASHMa,  KpMoxaAAMsaAMH 
M  xpeiAMHOo6pa30BaHMa  MexaAna  6biA  McnoAbsoBaH  mho- 
roKanaAbHbiPi  aMnaMxyAHbiM  aHaAMsaxop  AH-1 024-95,  c 
noMOUj,bio  Koxoporo  noAyneHbi  aMruiMxyAHbie  pacnpeAs- 
AGHMA  CMPHanOB  A3  ox  paSAMHHblX  COCXaBAAlOtAMX  tipO- 
uecca  B03AeMCXBMB  MSAyijeHMA  OKP. 

H3  noAyneHHbix  AOHHbix  CAeAyex,  mxo  aMnAHxyAHwe  pac- 
opGAeASHMA  CMmanoB  A3  b  aasMCMMocxM  ox  KOAMHocxsa 
MMoyAbcoB  HSAyMeHMA  OKP  xapataepMsyrox  b  ochobhom 
npOU,GCCbl  HAaBAGHMA  H  KpMCXaAAM3aU,MM  MGXaAAa,  TpG- 
iAMHoo6pa30BaMMe  ox  Bo,3AeficxBMA  AaaepHoro  M3Ay- 
HGHMA  Ha  MGXanA  HG  3a(l3MKCMpOBaHO. 

B  peayAbxaxe  npoBGAGHHUx  sKcnepMMGHxaAbHbix 
MCCAGAOBaHMM  yCXaHOBAGHa  npMHUMnManbHaA  B03- 
MOXHOCXb  yCXpaHGHMA  (npOnAaBAGHMA)  XpeiAMHOnO- 
AoOhbix  Ae<t>eKXOB  b  cxaAAX  ayoxeHMXHoro  KAacca  c 
MCnOAbaOBaHMGM  MMnyAbCHOrO  MSAyHGHMA  OKr. 
KpoMGXoro,  onpeAeAGHo,  hxo  xAyOMHa  nponAaBAGHHA 

XpGlAMHOnOA06HOro  AOtfiGKXa  XGM  6oAbLLIe,  HGM  BbllllG 
SHaHGHMB  HanpRXGHMA  HO  MOAyARXOpG  M  AAMXGAbHOCXM 
MMnyAbca  MSAyHGHMn  OKf. 

CTPyKTyPA  CBAPHOrO  UUBA  AyCTEHMTHOt^ 

CTAJ1H .  A.  M.  AnacoB,  9.  B.  Koa/iOB  (TEACy,  r.  Tomgk, 
P0).  MccAGAOBana  cxpyxxypa  csapHoro  iiiBa  cxaAM 
MapxM  08X16H10T,  McnoAbsyGMOM  xax  ochobhom 
MaxGpMaA  M  xax  CBapHaa  npoBOAOxa.  MexoAaMM 


STUDY  OF  THE  PROCESS  OF  AFFECTING  STRUC¬ 
TURE  OF  AUSTENITIC  STEELS  BY  PULSED  LASER 
RADIATION.  A.M.Apasov  (Division  of  the  Tomsk  Poly- 
technical  University,  Yurga,  Russia).  Heat  resistance  of 
metals  and  alloys  depends  greatly  upon  the  presence 
and  propagation  of  macroscopic  defects  which  lead  to 
a  dramatic  decrease  in  strength  of  the  design  section 
of  finished  expensive  parts  and  finally  to  their  failure. 
This  makes  the  problem  of  "healing"  of  the  most  dan¬ 
gerous  defects,  such  as  cracks,  very  topical. 

The  purpose  of  the  work  described  was  to  experimen¬ 
tally  study  the  possibility  of  removing  microcracks  and 
crack-like  defects  escaping  to  the  metal  surface  by  the 
processes  involving  the  concentrated  flows  of  laser  ra¬ 
diation. 

Crack-like  defects  were  simulated  by  drilling  holes  in 
the  steel  08Kh18N10T  pipeline  2X20  mm  in  size  and 
in,stalling  into  them  by  interference  fit  the  steel 
04Kh1 9N9  rivets  which  were  then  ground  flush  with  the 
pipe  surface.  The  penetration  depth  was  varied  depen¬ 
ding  upon  the  length  of  pulses  generated  by  the  "Quant- 
12"  type  laser  and  the  level  of  voltage  at  its  modulator, 
and  checked  by  metallography. 

The  acoustic  emission  (AE)  phenomenon  was  utilized 
to  investigate  physical-chemical  processes  of  melting, 
solidification  and  cracking  of  the  metal  under  the  effect 
of  the  laser  radiation.  The  AE  signals  passed  through  a 
piezotransducer  installed  at  the  pipeline  to  the  lAS-4 
meter,  which  measured  them,  and  then  were  recorded 
in  an  analogue  form  by  the  N338-4P  recorder. 

The  multichannel  amplitude  analyser  AI-1 024-95  was 
used  to  identify  energy  parameters  of  the  melting,  so¬ 
lidification  and  cracking  proces.ses  from  a  spectrum  of 
the  AE  signals.  The  analyser  yielded  amplitude  distribu¬ 
tions  of  the  AE  signals  from  different  components  of  the 
laser  radiation  effect. 

It  follows  from  the  data  obtained  that  artiplitiide  distri¬ 
butions  of  the  AE  signals  characterize  mostly  the  melting 
and  solidification  processes,  depending  upon  the  num¬ 
ber  of  the  laser  radiation  pulses.  Metal  cracking  due  to 
the  laser  radiation  effect  was  not  registered. 

The  experimental  studies  conducted  proved  the  feasi¬ 
bility  of  removing  (by  penetration)  crack-like  defects  in 
steels  of  the  austenitic  grade  by  using  the  pulsed  laser 
radiation.  In  addition,  it  was  determined  that  the  higher 
the  value  of  the  modulator  voltage  and  the  longer  the 
laser  radiation  pulse,  the  larger  the  depth  of  penetration 
of  a  crack-like  defect. 


STRUCTURE  OF  AUSTENITIC  STEEL  WELDS.  A.M. 
Apasov,  E.V.  Kozlov  (TGASU,  Tomsk,  Russia).  Structure 
of  welds  in  steel  08Kh18N10T  used  both  as  the  base 
materia!  and  welding  wire  was  investigated.  Structure 
of  the  weld,  HAZ  and  base  metals  was  studied  by  optical 
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onTHMeoKOM  3/ieKTpoHHOM  MMKpocKODUM  ucc/iefloBana 
CTpyKTypa  MCTajiJia  ceapnoro  liina,  oko/ioujobhoR  30Hbi 
M  ocHOBHoro  Meraa/ia.  Bh/ih  AnarHocrnpoBanbi  (l^aso- 
Bbm  cocTaB,  aepeHnaa  n  flucnoKannoHHaB  cTpyiaypa 
MeTaaaa  ceapnoro  luea,  oKO/iouuoBHOp  30hh  m  ochob- 
Horo  MetariAa.  OcHOBHofi  Meia/in  m  Meia/in  oKonouioc- 
Hoii  30Hbl  COCTOBT  Ha  y-(i)a3bl  (fUK  TBGpAbm  paCTBOp 
saeMeHTOB  BHeApenM9  m  aaivieiAeHMB  na  ochobo  y-Fe) 
M  MeAKMX  HacTHU  Kap6MAa  Tic,  B  MeiaAAe  okoaoiuob- 
Hop  aoHhi  CKa/inpHaB  naoTHOcrb  AncAoKapUM  Bbiiiie,  a 
PAOTHOCTb  Kap6MAHblX  HaOTMA  HH>Ke,  HBM  B  OCHOBHOM 
Marepnaae. 

B  MBTanne  CBapnoro  LUEa  MMcer  MecTO  TpexctiasHaa 
cMGCb,  cocTOBiAaa  n.a  y-  vt  a-cfiaabi,  a  TaKxe  Kap6nAoB 
TiC.  rinoTHocTbAMOAoKauuM  SAecbSHaHHTeabHOMeiib- 
aie,  MfiM  B  ooTaabHbix  aoHax.  B  MerajiaG  ixina  6o/ibUJMG 
aepua  y-0a3bi  ASKOpupoBaabi  xpynHbiMH  aacTOuawin 
TiC  H  MBAKHMM  SepHaWlH  a-4)a3bl. 

Pa3Mep  aepea  a  ochobhom  waTepnaae  cocTaBJineT  b 
cpeAHeM  10  MKM,  B  MBTaaae  okoboiuobhom  30Hbi  — 40 
MKM  n  B  MerafiAe  luea  —  15  mkm,  Fipn  caapKe 
3act)MKCnpoBano  npenpaiAeHHe  y->a+TiC  b  aacTi'i 
MaTGpiiaAa. 

B  paOoTe  paocMaTpuDaraTca  npoueccbi,  npoMcxo- 

ABAine  B  MeiaBAG  aiBa  m  npoOAGMbi  ctopMupoBaHn^i 
ocTaTO'-iHbix  BHyrpeHHi-ix  HanpBxeiiMM. 

MEXAHM3IVI  PASPYUJEHMq  CBAPHbIX  COEAHHE- 
HMiii  B  nPOUECCE  CBAPKM.  A,  M.  AnacoB  (0M/ii^an 
Tom.  nonm.  yn-ra,  r.lOpra,  P0).  Ueab  ashhoR  paOoTbi 
—  MCCAGAOsaHUG  cj^MSH'inoKOM  npupoAbi  npoAGCca  3a- 
pOXCAGHMB,  (})OpMMponaHHB  M  pa3BMTHB  Tpeu;MH. 
npn  noBbiaiGHMM  TeNineparyphi  n3-3a  yBO/iHHGMUf) 
awnnuTyAbi  KoaeOannM  ajoMOB  npoHcxoAHT  TenaoBoe 
pacuinpoHne,  t.  g.  yseJUiMeHUG  napaMexpa  pgujgtkm. 
npn  Hii3KMX  TGMnepaTypax  (ot  0  K  ao  TGMnGparypbi 
fle6aB  0)  TenaoRoe  pacuji/ipenne  npoMcxoAMT 
HpAMHGMHo.  Flpn  BbicoKnx  TGMnepaTypax  {oTTewnepa- 
Typbi  noHTM  ao  TGMnepaTypbi  n/iaBacnna) 

yBeAnHenMG  napawsTpa  pglogtkh  a,  naMGHeHne  atiuhu 

/m  oSiiGMa  I/mmgiot  AJifi  6oAbLUwHCTRa  MGTaaaoBAnHe- 

MHbiti  xapaKTep.  AMnanryAa  KoaeOaunfi  npn  huskhx 
TGMnepaTypax  nponopuMonaabHa  7^,  a  Bbime  9  coot- 
BeTCTByeT  ypaBneHiiio  A  =  'IkT/Ed^^.^.  yDeanHeKMe 
napaMGTpa  a,  ajimnw  /  m  oSbeMa  V  oOpaapa  c  noBbi- 
UIGHMGM  TGMnepaTypbi  OTBGMaGT  (jjopMyaaM 

a  =  a^T,  I  =  Iq  +  (.\  +  aT), 

V  =  1/^  -I-  (1  -H  pr), 

tab  P  k  3ci. 

TeMnepaTypy  nAaBAGHUft  mo>kho  cMMTaTb  KpHTnaecKoil 
TeMnepaTypon  T^^.  Hpn  3tom  HaMnnaeTCB  MaccoBoe 
«BbiGKaKMBanne»  aioMOB  na  ysaos  pgbjgtkh  h  oOpaao- 
BaHne  nap  BaKaMCnn-BHGApeHnbifi  aTOM.  Ecnn  msbgc- 

THbi  SHeprufi  naKaHCHM  n  BHGApenHoro  aTOMa  £y,  a 
TalOKG  yBCTIMHeHMe  KOMUGHTpaAMM  BaKaHcnil  11J1H  3/ieK- 
TpoHHbix  nap  npn  nnaBAGHnn  AC“^=  to  Ten/ioTa 
nAaBAGunn  Aonxcaa  6biTb  paBna 

UsMeHGHHe  oObewa  MeTaaaa  c  FUK-peuieTKoti  npn 
nAaBAeHnn  b  cpgahgm  cooTaBAPGT  2... 3  %.  ycraHOB- 


electron  microscopy.  Phase  compo.sition,  as  well  as 
grain  and  dislocation  structure  of  the  weld,  HAZ  and 
base  metals  were  identified.  The  base  and  HAZ  metal 
consists  of  the  y-phase  and  tine  TiC  particles  (y-phase 
is  a  fee  solid  solution  of  the  interstitial  and  substitutional 
elements  based  on  y-Fe).  The  HAZ  metal  is  charac¬ 
terized  by  a  higher  scalar  dislocation  density  and  lower 
carbide  particles  density,  as  compared  v/ith  the  base 
metal, 

The  weld  metal  is  a  three-phase  mixture  consisting  of 
j  the  y-phase,  a-phase  and  TiC  carbides.  Here  the  dis- 
!  location  density  is  much  lower  than  in  the  rest  of  the 
zones.  In  the  weld  metal  coarse  grains  of  the  y-phase 
are  decorated  with  coarse  particles  of  TiC  and  fine  gra¬ 
ins  of  the  a-phase, 

Grains  of  the  base  metal  are  1 0  mkm,  those  of  the  HAZ 
metal  are  40  mkm  and  of  the  weld  metal  are  15  mkm 
in  size,  on  the  average.  The  y  ->  a  -t-  TiC  transformation 
in  part  of  the  material  is  noted  to  occur  during  welding. 
The  paper  considers  processes  which  occur  in  the  weld 
metal  and  problems  associated  with  formation  of  resi¬ 
dual  internal  stresses. 


MECHANISM  OF  FRACTURE  OF  WELDED  JOINTS 
DURING  WELDING,  A. IVt.  Apasov  f^D/V/s/on  of  the  Tomsk 
!  Polytechnical  University,  Yurga,  Russia).  The  work  con- 
I  ducted  was  aimed  at  investigation  of  a  physical  nature 
i  of  initiation,  formation  and  propagation  of  a  crack. 

I  An  increase  in  temperature  caused  by  an  increase  in 
I  the  amplitude  of  oscillations  of  atoms  leads  to  a  thermal 
!  expansion,  i.e.  increase  in  the  lattice  parameter.  At  low 
j  temperatures  (from  0  K  to  Debye  temperature  6)  the 
;  thermal  expansion  has  a  non-linear  character.  At  high 
!  temperatures  (from  Debye  temperature  and  up  to  the 
j  melting  point)  an  increase  in  the  lattice  parameter  and 
variations  in  lengtii  /  and  volume  V  are  of  a  linear  char¬ 
acter  for  the  mcijority  of  the  metals.  The  oscillatiqn  am¬ 
plitude  at  low  temperatures  is  proportional  to  T ,  and 
above  0  it  corresponds  to  equation  A  =  An 

increase  in  parameter  a,  length  /  and  volume  1/with  an 
increase  in  temperature  can  be  described  by  the  follo¬ 
wing  formulae: 

a  =  a^T,  /  =  /f,  -b  ( I  +  aT), 

V  =  1^0  +  + 

where  (t  »  3a. 

The  melting  temperature  can  be  considered  a  critical 
temperature  Wlien  this  temperature  is  reached, 
atoms  start  leaving  on  a  mass  scale  the  lattice  to  form 
the  "vacancy-interstitial  atom"  pairs.  If  the  energy  of 

the  vacancy  E",  and  interstitial  atom  e'^,  as  well  as  an 
increase  in  the  concentration  of  the  vacancies  or  elec¬ 
tron  pairs  in  melting,  AC“^eft Aynielt  known,  the 
melting  heat  should  be  equal  to 

'  Variations  in  the  volume  of  the  metal  with  a  fee  lattice 
I  during  melting  amount  to  2-3  %  on  the  average.  It  is 
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/leno,  4TO  KOHiJ,eHTpaMna  BaKaHCMvi  C  =  2. ..3  %  npw  mx 
paBHOMepHOM  pacnpefle;ieHm'i  flocTuraercn  b  loiacTe- 
pe  pafliiycoM  3. ,.4  KoopnnHaunoHHue  ctfiepb',  coflep- 
)«ainew  40. ..55  aTowoB.  3to  OTseHaei  MMHHMa.nbHOMy 
paAHycy  icnacTepa,  paBHowy  fisyw  MexaBBUMecKUM 
fluawerpaM 

BaKancMM  MurpHpytoT  H3  o6.nacTeH  O/iiwHero  noppiAKa 
vmw  og-bBMa  KTiacTepa  Ha  nepwpepHto,  oOpaayB  neyno- 
pBAoaeHHyio  xhakoctb  c  bwcokoh  KOHUeHTpannen  sa- 
KaHCMfi.  BnyipH  imacTepoB  coxpaHaeTCB  6/imxhhm  nopB- 
AOK,  oTBe'taioLAMC^  KpHcraa/iHMecKOM  ctpyicType  weiaA- 
na.  nosTowy  nocjie  naaBaeni'iB  MeTa.n/i  npeACTaB/iBer 
co6om  loiacTepfa!,  «ruiaBaroLHMG»  b  HeynopBAO'^ewHoti 

XMAKOCTU  G  BbICOKOH  KOHU,eHTpaUMeH  BaKaUCHH, 

npHMepno  B  2.  ..3  paaa  6oAbiijen,  seM  TaxiiM  o6pa- 

■30M,  OKOJIO  nOBOBHHb!  aTOMG'B  HaXOAHTCB  B  K/iacTspax  0 
ynopBAonenHoti  cipyicrypoH,  a  ocTaribHOH  oSbiSM  npeA- 
CTaBBBeT  HeynopBAOHGHHyio  xhakoctb. 

B  npopecce  KpucTaJi/iwaanHH  Merarma  cBapiioro  u.ma 
HeynopBAOHeHHaq  xhakoctb  c  Bucoxot!  KOHueHT- 
pauMeM  BaxaHCuti  BbiTecnaeTCB  b  peKip  mea  b  nanpaB- 
.neHMM,  npoTHBonoBox<HCM  MaKCMMa.BbHowy  Tewnepa- 
xypHOMy  rpaAnenry.  BaKaHCHW  pacnpeAe/isto  rcB  6oab- 
Lue  oKO.no  nopb!  h  Meubtiie  —  BAaxiH  ot  nopbi.  KoHuen- 
rpauHF)  BaKaHCiifi  B6aM3H  noBepxHOCTM  nopu  m  papHyc 

nopu  CBBSaHbl  COOTHOUJeHMeM 

=  Cg  +  a/r. 

TAo^^  —  KOHpeiiTpauMP.  BaKaHcwii  y  nosepxHocTH  nopbi; 
^  —  paBHOBecHas  KOHueHipauHB  BaKaHCHw;  o.  = 
=  (2o//fT)(Qo.o);  r  —  paAnyc  KpHBHSHhi  nopbi;  a  — 
noBepxHocTHoe  HaTOxeime;  k  —  nocTOPHHap  BoAbu- 
Mawa;  T  —  leMneparypa,  K;  Q  — aTOMHhiH  oOteM. 
riocKonbKy  KOHuenTpaunB  BaxaHCWM  o6paTHo  npo- 
nopAMOHaabna  paAnycy  nopbi,  to  BosHHxaeT 
AH{t>ct>y3M0HHbiii  noTOK  BaxaHCMPt,  HanpaBaeHHbiCi  ot 
noBepxHocTM  MenKi/ix  k  noBepXHOOTH  KpynHMX  nop, 
yBeAHHMBaiomnM  oStew  nocAeAunx,  Tax  Kax  cBoSoAnaa 
sHoprnn  y6bmaeT  BcaeACTBue  yMSHbiiieuMB  noeepx- 
HOCTii  nop  npn  yeeAn'ieHnH  nx  paswepoB,  Hcxoab 
npMHUHna  wnHUMyMa  BHyrpeHiieM  (noeepxHOCTHOM) 
sHeprMM  nponcxoAiiT  Aa^t^HeMiunti  npopecc  Koanec- 
peHUUM  nop,  BBABIomnXCB  HCTOMHHKaMM  3apo)KAa- 
lomnxoFi  MMKpoTpeLAMH,  nepepacTaiouj,iix  BnocaeAcTBHM 
8  TpeiAMny. 

HEKOTOPblE  nPOB/lEMbI  TEXHOIiOrMM  CBAPKM 
COBPEMEHHbIK  KOHCTPyKl4MM.  5.  H.  BaflhfiHOB 
(MATkl  —  prry  HM.  K.  3.  UmJiKOBCKoro,  r.  MocKBa, 
P0).  PasBUTMe  coapeMenHbix  oTpacaefi  MamnHocTpo- 
eHMH,  TpaHcnopTa  n  CTponxeAbCTBa  SaanpyeTCB  Ha 
paoiLiMpeHiiM  npnMeHenHB  MaTGpna/ioB,  motbaaob  m 
cnpaeoB  Bce  6o,nee  BbicoKoPi  VAeAbHoPi  npoMHocTH, 
Han6oAbUJnPi  o6-beM  ceapHbix  KOHcTpyKAMH  BbinoAHA- 
eTcn  3AeKTpoAyroBbiMM  cnocoBaMn  ceapKn  b 
aaiAHTHbix  raaax  h  noA  cAoew  (j)Aioca.  OAHaxo  aab 
nGAyMeHiin  ceapHbix  coepuHeHHM  co  caoMCTBaMM, 
6AH3KHMM  K  TaKOBbtM  BbICOKOnpOHHOrO  MHTepnaAa, 
Tpe6yeTCfi  6oAee  TiAaTeAbHan  TexHOAornneoKaB  npo- 
pa6oTKa  npopecca  xaK  no  TepMOAetfiopMaLJiMOHHOMy 
puKAy,  Tax  H  no  MeTaAAyprMHecKUM  acneiaaM  cnocoGa. 
B  HacTHocTM,  o6ocHOBaHHbiM  Bbi6op  npncaA04Hovi 
npoBOAOKH,  CMecH  raaoB,  wapKH  cfiAioca  mah  nacTbi 
onpeABABBT  yposeHb  oTHocMTeAbHbix  noKasaTeASM 
csapHBaeMocTH  b  AaHHoii  KOHOTpyKUHM. 


established  that  the  concentration  of  the  vacancies,  C  = 
=  2-3  %,  in  the  case  ot  their  uniform  distribution  is  ac¬ 
hieved  in  a  cluster  with  a  radius  of  3-4  of  the  coordination 
sphere,  which  contains  40-55  atoms.  This  corresponds 
to  a  minimum  radius  of  the  cluster  equal  to  two  metal 
diameters  (2d^). 

Vacancies  migrate  from  the  short-range  region  or  the 
i  volume  of  the  cluster  to  periphery  to  form  a  disordered 
I  fluid  with  a  high  concentration  of  the  vacancies.  The 
!  short-range  order  corresponding  to  the  crystalline 
structure  of  the  metal  persists  inside  the  clusters.  The¬ 
refore,  after  melting  the  metat  comprises  clusters  floa¬ 
ting  in  a  statistically  disordered  fluid  with  a  high  con¬ 
centration  of  the  vacancies,  approximately  2-3  times  as 

high  as  AC"  Thus,  approximately  half  of  the  atoms  is 
in  the  clusters  v/ith  the  ordered  structure,  while  the  rest 
of  the  volume  is  a  disordered  fluid. 

During  solidification  of  the  weld  metal  the  disordered 
fluid  with  a  high  concentration  of  the  vacancies  is  pres¬ 
sed  out  to  the  weld  centre  in  a  direction  opposite  to  the 
maximum  temperature  gradient.  The  vacancies  are  dis¬ 
tributed  more  around  a  pore  and  to  a  lesser  degree  - 
far  from  the  pore.  The  concentration  of  the  vacancies 
near  the  pore  surface  and  the  pore  radius  are  related 
to  each  other  as  follows: 

^  +  a/r. 

Where:  —  is  the  concentration  of  the  vacancies  near 

the  pore  surface;  C{,_  is  the  equilibrium  concentration 
of  the  vacancies;  a  =  {2a/kT)(Q.a^)\  r  —  is  the  radius 
of  curvature  of  the  pore;  o  —  Is  the  surface  tension; 
fc  ~  is  the  Boltzmann's  constant;  T  —  is  the  tempera¬ 
ture;  O  —  is  the  atomic  volume. 

Since  the  concentration  of  the  vacancies  is  inversely 
I  proportional  to  the  pore  radius,  this  causes  a  diffusion 
flow  of  the  vacancies  directed  from  the  surface  of  fine 
pores  to  the  surface  of  coarse  pores.  This  flow  increases 
the  volume  of  the  latter,  as  the  free  energy  decreases 
because  of  a  decrease  in  the  surface  of  the  pores  with 
an  increase  in  their  sizes.  Based  on  the  principles  of 
the  minimum  internal  (surface)  energy,  there  occurs 
further  coalescence  ot  the  pores,  which  act  as  the  ini¬ 
tiation  centres  of  the  microoracks  that  further  grow  into 
a  crack. 

!  SOME  PROBLEMS  OF  TECHNOLOGY  OF  WELDING 
ADVANCED  STRUCTURES.  B.N.Badjanov  (MAT!  — 
K.E.Tsiolkovsky  RGTU,  Moscow,  Russia).  Advances  In 
modern  engineering,  transport  and  construction  indus¬ 
tries  are  based  on  widening  of  the  use  of  materials, 
metals  and  alloys  with  an  increasingly  high  specific 
strength.  However,  to  produce  welded  joints  with  pro¬ 
perties  close  to  those  of  a  high-strength  material,  it  is 
necessary  to  employ  a  thoroughly  elaborated  techno¬ 
logy  in  terms  of  both  thermal-deformation  cycle  and 
metallurgy  aspects.  In  particular,  the  substantiated  cho- 
I  ice  of  a  filler  wire,  gas  mixture,  flux  or  paste  determines 
I  the  level  of  relative  indicators  of  weldability  for  a  given 
I  structure. 

One  of  the  promising  ways  of  development  of  welding 
consumables  is  using  halide  pastes  and  active  gas  mix¬ 
tures  for  argon-arc  welding.  However,  the  reference 
data  on  this  group  of  materials  are  extremely  scanty, 
and  the  work  on  ensuring  safe  operation  Is  far  from 
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Oahhm  M3  nepcneiaMBHbix  HanpaBiieHMM  pasBUTMa 
cBapoBHbix  MajepMaaoB  aBJiseTca  Mcnoiib30BaHMe 
raaoreHMflHbix  nacT  m  axTMBHbix  raaoBbix  cMeceti  p,m 
aproHo-flyroBOM  CBapxn,  oflHaKO  cnpasoHHbix  AanHbix 
no  sTort  rpynne  MaTepnaaos  xpaMHe  waao  m  ohm 
naoxo  cMCTeMaTM3MpoBaHbi.  TpeSyeTca  coaflaHMe 
6aHKa  flaHHbix  b  bma©  HopMatMBHbix  yxaaaHMM,  xaoa- 
lOLUMXGB  MapOK  CBapMBaeMbIX  M  CBapOHHbIX 
MaxepMaaoB  OTHOCMTejibHO  cocraBOB,  npMMeHeHMB, 
peXMMOB  M  T.fl. 

Tax  xax  6ojibiiJMHCTB0  MarepMaaoB  c  BbicoKoCi  yfle/tb- 
HOM  npOHHOCTblO  BOCbMa  aKTMBHO  peaPHpyioT  Ha  Ten- 
jioBoe  M  MejaBJiyprHHecKoe  BosfleMCTBMe  caapoMHO- 
ro  npouecca,  npeACTaB/iaeTCB,  hto  aaMena  oaho-  m 
AsyxnpoxoAHOM  cBapxM  MHoronpoxoAHOM  xotb  m 
CHM3MT  npOM3BOAMTeabHOCTb  PpOMSBOACTBa  KOHCT- 

pyxAMM,  HO  cymecTBGHHO  yAyMiiJMT  cipyKTypnoe  coc- 
TOHHMe  M  MexaHMMecKMe  CBOMCTBa  MeTaji/ia  ujaa  m 
OKOAOUJOBHOM  30Hbl  npM  C0M3MepMMblX  CyMMapHbIX 
3HopreTMMecKMX  sajparax. 

ABTOMaiMsauMB  csapoMHoro  npouecca  npoLUna  aoa- 
TMM  nyxb  pa3BMXMB  oxcMcxeM  peaei^HoCi  cxa6M,nM3auMM  ^ 
AO  KOMPbioxepHoro  ynpaBAeHMB.  BaxcHeMiueii  cocxae-  j 
ABioiueM  BRBBexcB  pa3pa6oxKa  MaxeiviaxMMecKMX  mo- 
Agagm,  oxpax<aK)iUMX  npouecc  cBapxM.  B  pasHoe  bpgmb 
MCnOAbSOBaAM  KpMXepMM  POAoSmb,  SKCnepMMGHXaAb- 
HO-CXaXMCXMHGCKMe  M  AGXepMMHMpOBaHHblG  MOASAM. 
CoBpGMGHHbiG  MHxerpaAbHbiG  cxpyxxypbi  petuaiox  aa- 
Aany  c  noMOiubio  HeiipocexeBbix  MOAeAeii,  a  bwcoko- 
HyBoxBMXGAbHbie  asthhkm,  perMcxpMpyioiUMe  cocxo- 
BHMG  CBapOHHOpt  BaHHbl  (BBOAMMyiO  xenAOByio  MOIU- 
Hocxb,  xGMnepaxypy,  MSAyneHMe  nAasMGHHoro  (paxeAa 
M  APJi  nosBOABiox  npoBOAMXb  npBMOG  auanxMEHoeyn- 
paBAGHMG  Hepea  xoMnbioxep  6e3  MaxeMaxi/inecKoi^ 
moagam  c  McnoAbBOBaHMGM  scpctiGKXOB  caMopG- 
ryAMpoBaHMB. 

BaSKHblM  SBGHOM  B  pa3BMXMM  CBapOHHbIX  npOUGCCOB  M 
XeXHOAOrMM  BBAPeXCB  MSyHGHMe  M  COeepiilGHCXSO- 
BaHMG  cBapMsaeMocxM  MaxepuaAOB,  PaapaSoxaHo 
MHOJKGCXBO  MGXOAMK  onpeAGAGHHB  CBOMCXB  CBap- 

Horo  cogamhghmb  m  ero  oxAeAbHbix  3oh;  rpaHMU 

OnXMMaAbHbIX  pGXMMOB  CBapKM;  CXoWxoCXM  npOXMB 
06pa30BaHMB  ropBHMX  M  XOAOAHbIX  xpeiUMH,  xpynKoro 
paapyiueHMB,  KopposMOHHofi  cxoCikocxh  m  x.a-  OAHaxo 
Bbiabisaex  comhghmg  ueAGcoodpasHocxb  npHMeneHMA 
B  KaHGCXBG  o6o6lUGHHOrO  KpMXGpMB  npOM3BGAGHMB 
oxHocMXGAbHbix  noxasaxGAeM  Bcex  nepeHMCAGHHbix 
Bbiaie  npM3HaKOB. 

PABOTOCnOCOBHOCTb  TOMEHHbIX  COEflMHE- 
HVlVi,  BbinO/IHEHHbIX  KOHTAKTHOfi  CBAPKOM. 

B.  n.  EepesuieHKO,  <P.  P.  JloBtueHKO  (MatnuiHocTpom.  m- 
T,  r.  MortAneB,  PecnyEnma  Eenapycb).  Pa6oxocnoco6- 

HOCXb  M  BHGUJHMM  BMA  MGXaAAOXOHCXpyXUMPi  B 
SHaHMXGAbHOM  MepG  SaBMCBX  OXXGXHOAOrMM  KOHXaXXHOM 
XOMGHHOi^  M  peAbe(t)HOM  CBapXM.  FlpHMeHeHMe 
XpaAMUMOHHOti  XeXHOAOXMM  He  MCKAKJHaeX  noAyHGHMB 
XOMGHHblX  COeAHHGHMM  C  HGCXa6MAbHOM  CXaXMHGCXOfi  M 
UMKAMHGCKOM  npOHHOCXbX)  M  BMBXMHaMM  OX  GAGXXpOAOB 
Ha  AMUGBbix  noaepxHOCxflx  AexaAeCi.  nepe>JMCAeHHbie 
HGAOcxaxKM,  axaxxesHaHMXGAbHbie  pacxnrMBaiomMeHa- 
npfixeHMfi  B  xoMXe  m  oxoaoxomghhom  sohg,  cnoco6cxBy- 
K)lUMe  HM3KOM  pa6oXOCnOCo6HOCXM  COeAMHeHMM, 
CAepXMBaiOX  npMMGHGHMe  KOHXaXXHOM  CBapXM  npM 
MarOTOBAGHMM  OXBGTCTBGHHblX  MGTaAAOKOHCXpyKUMCl, 


being  active  enough.  The  data  on  welding  consunnables 
can  be  found  in  monographs  and  handbook,  but  they 
are  incomplete  and  insufficiently  systematized.  It  is  ne¬ 
cessary  to  create  a  data  bank  in  the  form  of  regulatory 
recommendations  concerning  grades  of  base  materials 
and  welding  consumables,  their  compositions,  applica¬ 
tion,  conditions,  etc. 

As  most  of  the  materials  with  a  high  specific  strength 
are  highly  reactive  to  thermal  and  metallurgical  effects 
of  the  welding  process,  it  is  thought  that  although  the 
replacement  of  single-  and  two-pass  welding  by  the 
multipass  process  will  decrease  the  fabrication  capaci¬ 
ty,  it  will  improve  structural  state  and  mechanical  pro¬ 
perties  of  the  weld  and  HAZ  metal,  the  total  energy 
expenditures  being  commensurable. 

Automation  of  the  welding  process  has  passed  a  long 
way  from  the  relay  stabilization  systems  to  computerized 
I  control.  The  most  important  component  here  is  deve- 
!  lopment  of  mathematical  models  which  describe  the 
j  welding  process.  At  different  times  the  use  was  made 
I  of  the  similarity  criteria,  experimental-statistical  and  de¬ 
terministic  models.  Modern  integrated  structures  solve 
the  problem  using  the  neural  network  models.  High- 
sensitivity  transducers  that  sense  the  weld  pool  condi¬ 
tions  (heat  input,  temperature,  plasma  flame  radiation, 
etc.)  allow  a  direct  adaptive  control  to  be  realized  using 
computers  without  mathematical  models,  based  on  the 
self-adjustment  effects. 

An  important  link  in  development  of  the  welding  pro¬ 
cesses  and  technologies  is  investigation  and  improve¬ 
ment  of  weldability  of  materiais,  as  well  as  determination 
of  its  criteria.  Many  procedures  are  available  for  deter¬ 
mination  of  properties  of  a  welded  joint  and  its  zones, 
finding  the  limits  of  optimal  welding  conditions,  testing 
to  hot  and  cold  cracking,  brittle  fracture,  corrosion  re¬ 
sistance,  etc.  However,  the  expediency  of  application 
of  a  generaiized  criterion  as  a  product  of  relative  indi¬ 
cators  of  all  of  the  above  properties  cannot  but  cause 
doubts,  since  the  result  fails  to  reveal  critical  aspects 
of  the  process.  Instead,  it  dilutes  them  in  a  total  product 
of  relative  values. 


SERVICEABILITY  OF  RESISTANCE  SPOT  WELDED 
JOINTS.  V.P.Berezienko,F.G.  Lovshenko  (Machine-Bu¬ 
ilding  Institute,  Mogilev,  Belarus),  Serviceability  and  ap¬ 
pearance  of  metal  structures  greatly  depend  upon  the 
technology  of  resistance  spot  and  relief  welding.  The 
traditional  technology  does  not  exclude  production  of 
spot  joints  with  unstable  static  and  cyclic  strength  and 
with  dents  on  the  face  surfaces  of  the  parts  caused  by 
electrodes.  The  above  drawbacks  and  considerable 
tensile  stresses  in  the  spot  and  its  zones  restrict  the 
use  of  resistance  welding  for  the  fabrication  of  critical 
metal  structures. 

Investigations  of  the  spot  welded  joints  in  low-carbon 
and  low-alloy  steels  made  it  possible  to  reveal  a  number 
of  regularities  in  the  kinetics  of  their  formation,  the  effect 
of  the  welding  process  parameters  and  methods  of  ap- 
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Hcc/ieflOBaHunTOMesHbix  coefluneHHM,  Bbmo;iHeHHbixHa 
HMBKoyr/iepoflMCTbix  M  HMBKOBernpoBaHHbixcxanfix,  no3- 
B0nvinv\  BbIfIBMTb  pBfl  3aK0H0MepH0CTeM  KMKeTUKH  l« 
(popMHpoBaHHB,  B/iMBHue  napawiexpoB  pe>Knwa  csapKU 
M  cnoco6oB  npMjioxeKMB  KOBOBHoro  yonjiHP  sBexTpo- 
AaMU  paaniiBHoPi  KOHCTpyKUMn  m  c  paa/iM’iHbiMH 
TenBoct)M3HMecKHMH  cBovicTBaMU  Ha  xapaxrep  Hanpa- 
>KeHHO-Ae<t)OpMHpOBaHHOrO  COCTOBHM51,  (popMy  ilHTOrO 

FiAPa  TOSKM  M  ee  ctpyiaypy.  ilpM  onpeAeneHHH 
paAMOHa/ibHbix  napaMerpoB  pexuMa  csapKH  cAeAyei 
yHMTbiBaTb,  HTO  «>KeCTKHe!>  pe>KMMbI  CBapXM,  CHMXaa 
o6teMHbie  ocTaroHHbie  HanpfDKeHMa,  cnoco6cTByioT 
o6pa30Banmo  saKanoHHux  crpyicTyp.  flpH  Hcnojihso- 
saHMH  «>KecTKMx»  pe>KMMOB  GBapKM  M  noc/isAyioiAeH  npo- 
KOBKM  M3-3a  pasBHHHB  TeMoepaxyp  MexaBBa  ueHxpaBb- 
HoC^  HacxM  H  nepucpepMH  xohkh  Ha  cxbaum  ox/iaxASHMa, 
a  xaioxe  HanuMHB  MexAy  CBapiiBaeMbiMW  AeTanqMii  b 
orpaHUMeHHoPi  30He  Mexan/iMHecKoPi  cbbsh  bo3moxho 
o6pa30Banne  cxMMaroiAMx  HanpaxeMHH.  YKaaaHHbie  Ha- 
npnxeHMB  b  ooMexaHUH  c  paui'ioHanbHbiMM  paaiviepaMH 
M  KOHcfiMrypaAMefi  ;inxoro  HApa  xonex  cnocoScxByiox 
cHMxeHUHD  KOHLieuxpauHH  pa6omix  nanpBxenHPi  m  npe- 
nBXCXBytox  aapoxASHWio  ycxa/iocxHbix  xpeaiwH. 

BOSMOXCHOCXH  M3MeHeHHB  yCJlOBHH  OXJiaXAeHHH  M 
xenaocpMSMMecKMX  CBoficxB  pa6oHeCi  hhoxh  KO/ibpeBbix 
nyaHcoHOB  axih  ocyiAecxBJieHi'iB  npoKOBKH  noaeo/iHiox 
BecxH  CBapxy  Ha  «xecxKMX»  pexHwax  m  peryanpoBaxb 
KOHcpMrypauMio  jiHXoroBApa.  r/iy6nHy  bmbxmh  oxa/iex- 
xpoAOB,  cxpyxxypy  m  HanpHxeHHO-Aec})OpMMpoBaHHoe 
cocxoHHMe  coeAMHeHMB.  peajiM3at4MM  «xecxKoro» 
pexMMa  cBapKM  noxpe6oBanocb  cosAanne  cneuHanb- 
HblX  SJieXXpOAHblX  MaXepMa/lOB,  OXBHHaiOlUHXCB 

BbicoKMMu  noKaaaxe/iBMK  xaponpoHHocxH  m  hbhogoc- 
xofiKocxH.  Pa3pa6oxaHHbiM  npouecc  hx  nojiyneHHB 
ocHosaH  Ha  npHMenenkin  xexHoaormi  MexaHHHecKoro 
BernpoBannB.  Oh  BioiioHaex  pasMO/i  peaxuHOHnocno- 
co6Hbix  CMeceii  Ha  ocHoee  msah  b  MexanopeaKXope, 
npoAyxxoM  Koxoporo  BB/wexca  rpaHyaMpoBanHaB  kom- 
no3niJ,MB,  nepepa6axbiBaeMaq  b  sBexxpoAHbm  waxe- 
pMan  cnoco6oM  nopoinKOBoCi  Mexaji/iyprnn.  TexHo- 
BOXHB  oSecneMHBaex  noayHenne  AUcnepoMOHHo-yn- 
poHHeHHbix  MaxepnanoB  c  MHKpoKpMCxajianMecxHM 
XHHOM  cxpyKxypbi  ocHOBbi,  Koxopbiti  xapaKxepHsyexcH 
BbicoKopaaBMXoii  noBepxHocxbra  rpaHMU  aepen  h  cy6- 
aepeH,  cxa6M/iM3MpoBaHHbix  yjtbxpaAHcnepcHbiMH 
BK/HOMBHHBMH  ynpOMHBIOlAMX  (J)a3.  OcHOBOH  Maxe- 
pHa/lOB  BBaqeXCH  HM3KOKOHUeHXpMpOBaHHblii  pacXBOp 
anioMUHHB  (<  0,1  %  Al)  b  mbah  c  paswepOM  sepeH 
^  0,3  MKM,  pasMep  OKP  ^  50  hm.  Ochobhom  ynpoHHB- 
lomeM  cpasoM  BEBamca  MacxHUbi  AI2O3  paaMepoM 
^  10  HM.  OOteM  ee  cocxaB/iqex  2.. .4  %.  noayqeHHaq 
cxpyxxypa  o6ecneHHBaex  Bbicoxwe  noxasaxe/iH  (pHSHKo- 
MexaHMHecKMX  CBoficxB  sBBicrpOAHbix  MaxepHanoB.  B 
aaBMcnMOCXH  ox  KOJii/iMeoxBa  ynpoMHBroiAeti  ({jasbi  ohm  xa- 
paKxepMsyioxoq  cneAyioLAHMM  napaMexpawH:  xBepAocxb 
HB  170... 280;  HB^  70...  100;  Ob  =  730...  1010 MHa; 

-  320.. .500  MHa;  cr“o  =  210.. .250  MHa;  oxhocm- 
xeribHoe  yAnnneHMe  5  =  3. ..8%;  xewnepaxypa  pe- 


plication  of  a  forging  force  with  electrodes  of  different 
configuration  and  different  thermal-physical  properties 
on  the  character  of  the  stressed-strained  state,  shape 
of  a  cast  nugget  of  the  weld  spot  and  its  structure. 
Compressive  stresses  may  be  formed  in  the  case  of 
using  "rigid”  welding  conditions  and  subsequent  for¬ 
ging,  because  of  differences  in  temperature  of  the  metal 
in  the  central  part  and  periphery  of  the  spot  at  a  stage 
of  cooling,  as  well  as  the  presence  of  metal  bond  be¬ 
tween  the  parts  welded  within  a  limited  zone.  These 
stresses,  combined  with  rational  sizes  and  configurati¬ 
ons  of  the  cast  nugget  of  the  spots  favour  decrease  in 
the  concentration  of  effective  stresses  and  prevent  ini¬ 
tiation  of  fatigue  cracks. 

The  possibilities  of  variations  in  cooling  conditions  and 
I  thermal-physical  properties  of  the  working  portion  of 
annular  punches  to  apply  forging  allow  welding  to  be 
performed  under  the  "rigid"  conditions,  as  well  as  con¬ 
figuration  of  the  spot  nugget,  depth  of  the  dents  caused 
by  electrodes,  structure  and  stressed-strained  state  of 
the  welded  joint  to  be  regulated.  To  realize  the  "rigid” 
welding  conditions  it  was  necessary  to  make  special 
electrode  materials  characterized  by  high  values  of  heat 
and  wear  resistance.  The  process  developed  for  their 
manufacture  is  based  on  the  use  of  the  technology  of 
mechanical  alloying.  It  includes  crushing  of  reactive 
copper-based  mixtures  in  a  mechanical  reactor,  yiel¬ 
ding  a  composition  processed  into  an  electrode  material 
by  the  powder  metallurgy  method.  The  technology  pro¬ 
vides  dispersion-strengthened  materials  with  the  sing¬ 
le-crystal  type  of  structure  of  the  base,  which  is  char¬ 
acterized  by  a  highly  developed  surface  of  grain  and 
sub-grain  boundaries  stabilized  by  ultradispersed  inclu¬ 
sions  of  the  strengthening  phases.  The  base  of  the  ma¬ 
terials  Is  a  low-concentration  solution  of  aluminium 
(<  0.1  %  Al)  in  copper  with  grains  <,  0.3  pm  in  size  and 
the  crystalline  lattice  ^  50  nm  in  size.  The  basic  stren¬ 
gthening  phase  consists  of  the  AI2O3  particles  <10  nm 
in  size.  Its  volume  is  2-4  %.  The  produced  structure  en¬ 
sures  a  high  complex  of  physical-mechanical  properties  of 
electrode  materials.  Depending  upon  the  amount  of  the 
strengthening  phase,  it  is  characterized  by  the  following 
parameters:  hardness  —  HB  170-280,  HB^  70-100; 
strength  —  a,  =  730-1010  MPa,  o,  =  320-600  MPa, 

a?oo  =  210-250  MPa;  elongation  -6  =  3-8  %;  recrys- 
taliization  temperature  —  800-900  ‘C;  electrical  con¬ 
ductivity  is  70-75  %  of  that  of  copper. 

Choice  of  the  rational  welding  parameters,  development 
of  the  electrode  material  and  design  of  electrode  feed 
mechanisms  to  supply  the  welding  current  and  apply 
the  forging  force  make  it  possible  to  increase  cyclic 
strength  of  the  welded  joints  1.4-1 .8  times  and  static 
strength  —  by  20-25  %.  Decreasing  the  concentration 
of  effective  stresses  in  the  case  of  using  the  relief  joints 
of  a  circular  and  elongated  shape,  as  well  as  spot  joints 
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KpMCT?JiJiM3anuM  800.. .900  'C;  s/ieiaponpoBOflHOCTb  | 
—  70.. .75%  ajieicrponpoBO/iHOCTH  Meflu.  | 

Bbi6op  pauMOHanbHhix  napaMeTpos  pe>KHMa,  paapaOoTKa  ' 
MarepMana  ajieKtpofloH  m  KOHCTpyxunw  a/ieiapoflUbix  yc- 
xpoticTB  fl/ifi  noflDofla  cBapoMHoroTOxa  m  npn/io>KeHHB  ko- 
BO'inoroycM/iUFi  nosBO/isiioT  noGbicurb  Lii-iKnii'iecKyio  npox- 
HOCTb  coeflUHennti  b  1,4...  1,8  paaa,  cjaTiwecKyio  —  Ha  : 
20... 25  %.  3a  cneT  cHH)KeHHH  KOHixenTpauHM  pa6o-  hhx  j 
HanpB)KGHMM  PpH  HCnOBbSOBaHHM  pe/ibec[>Nbix  coeflw-  I 
neHMM  KonbueoOpaanoil  m  npOAoaroBaToPi  (l)opMbi,  a  raKxe 
TOMeHHbix  coeflHHewHH  KpymoCi  4’0Pf’-''bi  c  yseJinHeHHbiM 
fluaivteTpoM  .nixToro  fiflpa  HHxnH'iecKasi  npoHHOoTb  noBbiLua- 
ercB  Ha  25... 30  %. 

rASOTEPMMMECKMM  CMHTE3  TBEPAOCSOJIAB- 

Hbix  JimrATyp  c  hpumehehmem  tbepawk 

KAPEI1OPM3AT0P0B.  H.  lO.  Bopn,  B.  A.AprioxoB, 

O.  0.  MMiineiiKo  (Hay'i.-i^ccnejx.  n  KOHCTpyK.-rexHO- 
nor.  vtH-T  caapm  n  aami^r.  noKpumii  c  onbir.  np-BOM, 
r.  MmcK,  Pecny6mKa  Banapycb).  BoccTaHOBncune 
M3HoiijeiiHb!x  yanoB  h  fleraneii  MaujHM,  a  TaK>Ke  naHe- 
cGHne  Ha  noBepxHOCTb  WBpenm  caoeB  MejfbMAa,  xa- 
paxTepMsyeMbix  oco6biMH  3KcnnyaTai4i'ioHHbiMH  CBoCi- 
CTHaMH,  HMeej  OoAbuioe  .3Ha4enne.  OAnaxo  Ann  aroro 
TpoOyercn  npMMGHOHHe  cnepMaBbHbix  a/iexrpoAoe,  co- 

Aepxcami'iXBCOcTaBenoKpbiTMPi.HapnAycTpaAHunoHHbiMM 

raao-  m  uxnaKooOpaaywiAMMi/i,  a  xaioKe  APyrnMM  xomho- 
HGHTawH,  Aernpyioiune  AofiaoKH,  o6ecneMHBatou4Xie  Heo6- 
xoAMMbie  xapaKTepMCTHKH  cBapHoro  aisa. 

Ann  PecnySnMKH  Benapycb,  He  HMetomeii  coOcTBeH- 
HOM  cbipbeBoiii  6a3bi,  CTanoBHTcn  ocoOeHHO  axTyanb- 
HOM  npoOneMa  paapaSoTKM  opHruHanbHbix  lexuo- 
jiorHM,  noaBOAHKHAHX  HononbsoBaTb  oOpaayioinnecn  b 
npoMSBOACTBe  BTopwHHbie  MeTa.nAbi  Ha  ocHOBe  Kap6n- 
AOB  Ti/iTana,  BOAbct)paMa  h  AP. 

OAHMM  H3  B03MO)KHblX  PyTeti  CHUXeHMn  SaBHCMMOCTH  j 
OT  nocTaeoK  H3-3a  pyOexca  Aopo^ocTonu^HX  AHraiyp  ; 
MoxGT  cTaib  perenepauHB  BTopwHHbix  MSTajinoB.  j 
B  HUKTM  cn  c  on  npoBOABTca  HccneAOBaHHB,  Ha-  ! 
npaBneHHbie  Ha  paspaSoTKy  mbtoaob  rasorepMHHec-  { 
Koro  cuHTesa  cnsAMaAbUbix  TBepAocnnaenbix  jiMrax^'p.  | 
DoKaaana  BosMOXHOcib  nony'iGHMB  KOMn/iexonbix  j 
coeAHHeiiUM  TMTana  n  BonbcfipaMa  H3  mx  okchaos  c  ; 
HcnoAbBOBaiiMeivi  BTopiiHHbix  TBspAocn/iaBHbix  Mare-  i 
pnaAOB. 

TexHOAorMHecKHH  npoueoc  raaorepMHHecKoro  CHUie- 
3a  Kap6MAOB  lyron.naBKMX  MeTan/ioB  ocHosan  Ha  boc- 
cTaHOBAennM-Kap6nAH3aunn  npeABapureAbHo  oxnc- 
AGHHoro  MaTepwana  b  raaosoM  KOHTponHpyeiviOM  ax- 
M0ccf)epe  c  npHMeneHMeM  xBepAwx  KapStopusaxopoB. 

B  oxAHHwe  ox  pereHepanMM  b  yc/ioBHM  xonbKo  koht- 
poAHpysMbix  raaoBbix  axMOCtpep,  npH  mx  coBwecxHOM 
npMMGHRHMM  c  xoepAbiMM  Kap6iopn3axopaMM  nonyna- 
excB  Me/iKOAMCnepcHbiM  nopoLUOK  Aaxe  npM  bucokmx 
xeMiiepaxypax  (ao  1 500  "C)  m  ObicxpoM  aarpyaxe  ujMXXbi 
B  BbicoKoxer/nepaxypHyio  30Hy  ne<iM.  OpM  sxoM  BUAep- 
xxa  B  BbicoKOXRMnepaxypHOM  aone  hr  Aonxna  npeBbi- 
UJaxb  xpeOyewyio  abb  noaHoro  npoxRxaHUB  npopecca 
BOCOXaHOBAeHMB-Kap6MAM3aUMM.  B  npOXMBHOM  CAyxae 
HacxMUbi  nonyHaeMoro  nopoLUxa  naMHyx  cneKaxbcn  c  | 

SaMeXHOM  CKOpOCXblO.  I 

Pocx  aepen  Kap6MAOB  npw  npuMeneHHM  xeepAbix  xap-  ! 


of  a  round  shape  with  an  increased  diameter  of  the  cast 
nugget  leads  to  an  increase  of  25-30  %  in  cyclic 
strength  of  the  joints, 


GAS -THERMAL  SYNTHESIS  OF  HARD  MASTER  AL¬ 
LOYS  USING  HARD  CARBURIZERS.  N.Yu.Bord,  V.A. 
Artyuldiov,  O.F.Minchenko  (Research  and  Development 
Institute  for  Welding  and  Protective  Coatings  with  Pilot 
Production,  Minsk,  Belarus).  Reconditioning  ofworn  out 
machine  parts  and  components  and  application  of  metal 
layers  characterized  by  special  service  properties  to  the 
part  surfaces  is  of  high  industrial  importance. 

However,  this  requires  the  use  of  special  electrodes 
that  contain  in  their  covering,  in  addition  to  traditional 
gas-  and  slag-forming  agents,  as  well  as  other  ele¬ 
ments,  also  such  alloying  elements  that  could  ensure 
the  desirable  characteristics  of  the  welds. 

The  problem  of  development  of  original  technologies 
for  recycling  secondary  metals  based  on  carbides  of 
titanium,  tungsten,  etc.  is  especially  pressing  for  Bela¬ 
rus  which  has  no  raw  materials  base  of  its  own. 

One  of  the  possible  ways  of  decreasing  its  dependence 
upon  deliveries  of  expensive  master  alloys  from  abroad 
is  regeneration  of  secondary'  metals. 

The  Research  and  Development  Institute  for  Welding 
and  Protective  Coatings  with  Pilot  Production  is  active 
in  development  of  methods  for  gas-thermal  synthesis 
of  special  hard  master  alloys.  Studies  conducted  by  the 
Institute  proved  the  feasibility  of  producing  complex 
compounds  of  titanium  and  tungsten  from  their  oxides 
using  secondary  hard-alloy  materials. 

The  process  of  gas-thermal  synthesis  of  carbides  of 
refractory  metals  is  based  on  reduction-carbidization  of 
preliminarily  oxidized  materials  in  the  controlled  gas  at¬ 
mosphere  using  hard  carburizers. 

Uniike  regeneration  in  the  controlled  gas  atmospheres 
alone,  their  use  in  combination  with  hard  carburizers 
provides  a  finely  dispersed  powder  even  at  high  tem¬ 
peratures  (up  to  1 500"C)  and  rapid  loading  of  the  charge 
into  the  high-temperature  zone  of  a  furnace.  In  this  case 
the  time  of  holding  in  the  high-temperature  zone  should 
not  exceed  that  needed  for  the  proce.ss  of  reduction- 
carbidization  to  be  completed.  Otherwise,  particles  of 
the  resulting  powder  will  start  sintering  at  a  marked 
acceleration  rate. 

Hard  carburizers  inhibit  growth  of  carbide  grains  by  co¬ 
vering  the  surface  of  oxide  grains  with  a  thin  layer  of 
carbon  black.  Owing  to  the  adsorption  properties  of 
carbon  black,  the  process  of  reduction-carbidization  of 
oxides  of  refractory  metafs  formed  at  high  temperatures 
in  the  charge  vapours  occurs  first  on  the  surface  of  the 
carbon  black  particles,  rather  than  on  the  surface  of 
primary  crystals  of  a  material  being  regenerated. 
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6K)pM3aTopoB  TopMOSMTcn  noTOMy,  HTo  noBepxHocTb 
sepeH  oKGHflOB  noKpbiBaeTca  tohkmm  c/ioeM  caxn,  Bna- 
roAapn  aAcopBunoHHbiM  cBoCicTBaM  caxM,  npouecc  boc- 

CTaHOB/ieHMB-KapBufluaaMMU  o6pa3yKDLUMXcB  npn  Bbi- 

coKMX  TeMneparypax  b  napax  uinxTbi  okchaob  lyron- 
/laBKMX  MeTaajioB  npoMcxoAHT  b  nepByio  oHepeAb  Ha 
noBepxHocTM  HacTHU  caxH,  a  He  na  noBepxHocTH 
nepBHHHbix  KpMcxaaaoB  persHepwpyeMoro  Matepwa/ia. 
3a  c4eT  Mcno/ib30BaHMB  KOHTpo/ii/ipyeMbix  ra30Bbix  ax- 
Moc<})ep  KOAMMecxBo  cBo6oAHoro  yxAepoAa  b  kohsm- 
HOM  npoAyKxe  moxho  CHH3HXb  AO  0,2  %,  a  KHCJiopoAa 

AO  0,1  %, 

B  aasHCMMocxM  ox  xexHOJiornHecKHX  pexHMOB  (npo- 
AOAXHxeAbHOCxb,  xeMPepaxypa,  cocxaB  raaoBoii 
cMecH,  KOAMHecxBo  xBspAoro  KapSiopnaaxopa)  bo3- 
MOXHO  noJiyneHMe  caoxhux  Kap6nAHbix  coeAHHeHMvi, 
a  xaKxe  cmscm  saAaHHoro  cocxasa. 

TaKHM  o6pa30M,  HOBbiii  npouecc  raaoxepMHHecKoro 
cHHxesa  nosBoanx  no/iyHaxb  cneqMa/ibHbie  aempyio- 
lAkie  AoSasKM,  ucnoaboyeMbie  npw  npoMOBOAcxBe  caa- 
poHHbix  M  HanaaBOHHbix  MaxepnaAOB, 

OnTMMMSAUMSI  XMMMHECKOrO  COCTABA  HA- 
n/IAB/IEHHOrO  METAJ1J1A  cnOCOBAMM  rA30- 
TEPMMMECKOrO  CMHTE3A.  H.  lO.  Eopfl,  B.  A.Aprto- 
xoB,  O.  0.  Muih^bhko  (Hay^.-mcneR.  u  KOHcrpyK.-Tex- 
Honor.  MH-T  caapm  m  aauprr.  noKpbmii^  c  onur.  np-BOM, 
r.  MmcK,  Pecny6nma  Benapycb).  BoccxaHOB/ieHHe 
M3HoujeHHbix  AOTaneCi  MaiuHH  BB/isexcn  aKxyaabHoii  3a- 
Aanew,  nocKO/ibKy  npH  sxom  AocxnraexcH  sHaHHxe/ibnaB 
3KOHOMnyi  MaxepManbHbix  pecypcoB  m  xpyAoaaxpax, 
OAHaKo,  KaK  npaBMBo,  a^^  o™x  ueaeti  Hcnojibsyrax 
cneunaAbHbie  HarmaBOHHbie  Maxepnajib!,  npw  MsroxoB- 
AeHHM  Koxopbix  npHMeHBIOXCfl  Ae<}>HUMXHblG  M  AOpOXOC- 
xoBiuue /lerHpyromne  saeMeHXbi. 
npeACxaBJiaex  Soabuioii  MHxepec  coBMeiueHne  npo- 
ueccoB  Han/iaBKH  h  xepMMMGCKOH  o6pa6oxKH  b  kohx- 
poaMpyewbix  axMoccJjepax  sauaHHoro  cocxaBa.  flpw 
9XOM  BO3MOXH0  peOieHHB  3aAaMM  MCn0/Ib3OBaHHH 
HeAec})HunxHbix  BxopMHHbix  MaxepHanoB,  BioitonaeMbix 
B  cocxaB  HarinaBOHHbix  MaxepwaaoB,  Koxopue  B 
peay/ibxaxe  xuMHMecKoro  BaaMMOAencxBMB  o  axMOC- 
(Jiepoti  npMoSpexaiox  xpeSyewbie  aKcn/iyaxaunoHHbie 

CBOfiCXBa  M  MSMeHRlOX  CBOM  XMMHHeCKHH  COCXaB. 

UccAeAOBaHO  BBHnHMe  napaMexpoB  xepwMHecKOH  o6pa- 
6oxkm  b  aaiuHXHOH  axMoc^epe  na  npoueccbi 
Kap6HAH3auMM  HanaaBaeHHoro  Mexaana  na  ochobb  xe- 
jieaa  c  BK/iioMeHneM  OKCMAa  xpowa,  PloKasaHa  bosmox- 
Hocxb  BOCCXaHOBaeHMfi  M3Ae/iMH  M  noayHeHHH  bwcoko- 
KaHeCXBBHHblX  nOBepXHOCXHbIX  CaoeB,  OXAMHaiOlUHXCH 
nOBblliieHHOM  XBepAOCXbK)  H  H3HOCOCXoCiKOCXblO. 

B  KaMecxBe  waxepnaAa  Ann  nan/iaBKH  McnoAb30BaAH 
nopouJKH  xexieaa  c  AoSaBKofi  5  %  okchas  xpoMa. 
riocae  HaiuiasKM  na  noBepxHocxbMexaaaa  cjionxoAiUHHon 
0,7.. .1,3  MM  o6pa3Ubi  o6pa6aXbtBa/in  B  axMoctfsepe 
AHCCOUHHpOBaHHOrO  aMMMaxa  C  paS/IHHHbIMM  AoSaBKaMH 

npnpoAHoro  raaa  npM  xeMnepaiype  900... 950  'C. 
ripM  noBbiiueHHH  xeMnepaxypbi  ao  950  ‘C.  napnAV  c 
ynpoHHeHweM  xohkoxo  noBepxnocxHoro  c/ton  na 
ray6MHe  ox  0,4  ao  0,5  mm  {o6iuaf!  xoaiUHHa  HanxiasKw 
AO  1,4  MM),  xeepAocxb  Bospacxaex  ao  400.. .650  b 
SaEHCMMOCXH  OX  npOAOAXHXeAbHOCXM  o6pa6oxKn,  a 
XBepAOCxb  rpauMMHoro  cAon  — ao  Hjg  200. ..300. 


By  using  the  controlled  gas  atmospheres  the  amount  of 
free  carbon  in  a  finished  product  can  be  decreased  to 
less  than  0.2  %  and  that  of  oxygen  —  to  less  than  0,1  %. 
Depending  upon  the  process  parameters  (time,  tem¬ 
perature,  gas  mixture  composition,  amount  of  hard  car- 
burizer),  it  is  possible  to  produce  complex  carbide  com¬ 
pounds  and  mixtures  of  desirable  chemical  compositi¬ 
ons. 

Therefore,  the  new  process  of  gas-thermal  synthesis 
makes  it  possible  to  produce  special  alloying  additions 
which  can  be  used  for  the  manufacture  of  welding  and 
cladding  consumables. 


OPTIMIZATION  OF  CHEMICAL  COMPOSITION  OF 
DEPOSITED  METAL  BY  THE  METHODS  OF  GAS- 
THERMAL  SYNTHESIS.  N.Yu.Bord,  V.A.Artyukhov, 
O.F.Minchenko  (Research  and  Development  Institute 
for  Welding  and  Protective  Coatings  with  Pilot  Produc¬ 
tion,  Minsk.  Belarus).  Reconditioning  of  worn  out  mac¬ 
hine  parts  is  a  pressing  problem,  as  it  can  provide  a 
fundamental  saving  of  materials  and  labour.  However, 
special  welding  consumables  are  used  as  a  rule  for 
these  purposes.  To  manufacture  them,  it  is  necessary 
to  utilize  expensive  and  scarce  alloying  elements. 

Of  high  industrial  interest  is  a  combination  of  the  pro¬ 
cesses  of  welding  and  heat  treatment  in  controlled  at¬ 
mospheres  of  a  preset  chemical  composition.  In  this 
case  it  is  possible  to  solve  the  problem  of  utilization  of 
readily  available  secondary  materials,  which  can  be  in¬ 
cluded  into  the  composition  of  welding  consumables. 
As  a  result  of  chemical  interaction  with  the  atmosphere, 
they  acquire  the  desirable  service  properties  and  chan¬ 
ge  their  chemistry. 

The  effect  of  parameters  of  heat  treatment  in  a  shielding 
atmosphere  on  the  processes  of  carbidization  of  the 
deposited  iron-based  metal  with  chromium  oxide  inclu¬ 
sions  has  been  investigated.  The  investigations  show 
the  feasibility  of  reconditioning  parts  and  producing 
high-quality  surface  layers  characterized  by  increased 
hardness  and  wear  resistance. 

Powders  of  iron  with  a  chromium  oxide  addition  of  5  % 
were  used  as  the  welding  consumables.  After  depositing 
a  layer  0.7-1 .3  mm  thick  on  the  rnetal  surface,  the  sam¬ 
ples  were  treated  in  the  atmosphere  of  dissociated  am¬ 
monia  with  different  additions  of  natural  gas  at  a  tem¬ 
perature  of  900-950  *C, 

Increasing  the  temperature  to  950  ‘C  causes  hardening 
of  a  thin  surface  layer  to  a  depth  from  0.4  to  0,5  mm  deep 
(total  thickness  of  the  deposited  metal  layer  is  up  to 
1 .4  mm)  and  an  increase  in  hardness  of  up  to  Hgg  400-650, 
depending  upon  the  time  of  treatment,  while  hardness  of 
the  boundary  layer  increases  to  Hgg  200-300. 
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nPMMEHEHME  rMflPOTEPMAjribHOM  OBPABOTKM 
nOPOLUKA  UMHKA  A^SI  BOCCTAHOB/IEHMSI  3A- 
mMTHblX  nOKPbITMM  HA  CBAPHbIX  COEflMHE- 
HlidX.  n.  r.  BopoiVHtiH,  n.  a.  AHTOiuma  (Benopyc. 
roc.  nonmex.  sksim-;  Hay^.-mcnefl.  n  KOUCTpyK.-rexHo- 
fior.  HH-T  CBapKn  n  aaiunT.  noKpumd  c  onhir.  np-BOM, 
r.  Muhck,  PecnyBnma  Benapycb).  OflHHMM3cnoco6oB 
coxpaHeHna  ctomkoctu  ceapHoro  maa  a  ycaoeunx  ar- 
peccuBHbix  cpefl  aaaneTca  ero  xuMMKo-TepMUMecKan 
o6pa6oTKa  (XTO).  OSbiMHO  npMMeHnewbie  ana  coa- 
aaHna  aau^MTHbix  noKpbtTwfi  nopoiiiKoabie  cpeau 

TOKCMMHbl,  CKJIOHHbl  K  CneKaHHIO,  He  aaiOT  CTa6nabHblX 
pesyjibTaTOB  npM  MHoroKpaiHOM  McnoabsoBaHHM. 
TwapoTepMa/ibHaa  o6pa6oTKa  (rTO)  nopoiuKOBbix  Ha- 

cbimaiomMX  cpea  ansi  asi4>ctiy3HOHHoro  aMHKoaaHMfi 

noasoaaeT  noBbicMTb  TeMnepajypy  XTO. 
npeanoxeHHbifi  P.  T.  rajiHHWM  cnocoS  an4><t)y3MOHHoro 
UMHKoeaHMq  b  nopouiKOBbix  cpeaax  aasT  aosMoxcHOCTb 
M36aBHTbCfl  OT  HQAOOTaTKOB,  npHcyiUHX  TpaaHUHOHHOMy 
cnooo6y.  riopoLUKOBbie  cpeabi,  Hcno/ihsyeMbie  npti 
aM0ct)y3HOMHOM  UMHKOBaHMH,  noaBeprasoTCH  cnepHaab- 
HOH  npeaBapnTe.nbHOH  o6pa6oTKe.  TexHoaorMB  aHctxJiy- 
SMOHHOrO  UMHKOBaHHa  C  MCnoab30BaHMeM  nopOlilKOBblX 

cpea  c  rro  nopoujKa  umhio  BBaaeTCB  BKoaorMwecKM 

MMCTOM.  Ee  aOCTOMH-  CTBaMM  BBaBKJTCB  OTCyTCTBlie  B 
nopoujKOBbix  cpeaax  ranoreHWAHbix  axTHBaTopoB,  mcioiio- 
HeuMe  o6pa30BaHM5i  3Koaorn4ecKH  BpeaHWX  ctokob  m  ew- 
6pocoB,  OTcyicTBMe  noipe6HocTM  b  npepaapHTejibHOM 
noaroTOBKe  noBepxHocTM  MsaeaMsi  nepea  XTO,  oSecne- 
HeHMe  KaHecTBeHHoro  noxpbiTMSi  nocepxHocTH. 
npopecc  nHHKOBaHHB  npoMcxoaHT  B  pesyabTare 
npMcyTCTBHB  B  cHCTeMe  napoB  pHHxa.  Ha  ocHose 
anaaHsa  BoaMoxcHbix  npH  aaHHoPi  rexHoaorviM 
MeXaHMSMOB  l4MHKOBaHMB  npHmJlM  K  BbIBOay,  MTO 
HaMSoaee  eeposiTHo  npoxo>KaeHMe  npopecca  Hacw- 
meHMB  npH  McnapenHM  XMnxoro  pMHxa  nepea  TpeiawHu 
caoH  ZnO,  noKphiearaiaero  nacTHpy  nopoiuxa  pHHKa. 
BbiBoa  caeaaaM  nocae  pacneia  paBHOBecHoro  aas- 
aeHHB  napoB  pMHKa  naa  noBepxHocTBMM  ZnO  h  S-cpaaw. 
ripopecc  aH({’'l3y3HOHHOrO  UMHKOBaHHB  BbinoaUB/IH  B 
nopooiKOBbix  cpeaax,  coaepxoLUMx  100  %  nopoLUxa 
pMHKa  c  rro.  rnapoTepMaabHyio  o6pa6oTKy  nopoiuKa 
HMHKa  MapxH  ni4-4  ocymecTB/iaaM  nyreM  KnnsmGHi/iq. 
flMcpcpyaHOHHoe  unHKOBaHne  npoMcxoan/io  npH  Tewne- 
paxypax  or  450  ao  600 'C  B  TeneHHe  1  h  3  n.  Mcnoabso- 
BaaH  oSpaapbi,  MsroTOBaeHHbie  H3  KOHCTpyKpHOHHOH 
cTaaM  15  MapoK.  HccaeaoBaan  eaHBHHe  Tewnepaxypbi 
npopecca  XTO,  cooxaBa  cxaaM  Ha  CTpyiaypy  noKpbixMB, 
a  xaioxe  Ha  cooxHoiueHne  xoaipHH  <t)a3,  cocxasaBiomMX 
noxpbiXHe,  npH  aannoM  cnocoOe  annKOBaHHsi. 
noayHenHoe  aHfptpysMOHHoe  noxpbixHe  HMeex  caeayio- 
layio  cxpyKxypy:  Ha  noBepxHooxH  HacbiiaaeMoro  H3ae/iMB 
pacnoaaraexcB  ix-cfiaaa  (xsepabiCi  pacxBop  pHHxa  b  a- 
Fe),  3axeM  r-ct)a3a,  ochobhoh  caoH  noKpbixHB  (e-tpasa). 
ripM  BHsyaabHOM  ocMoxpe  aacpHKCHpoBano,  nxo  nocae 
XTO  oOpaapbi  HMeaM  raaaxyKi  cBexao-cepyio  noBepx- 
Hocxb  6e3  caeaoB  HaaHnaHMH  cMecM, 

TaxHM  C)6pa30M,  MexaaaorpacpHHecxMM  aHaanaoM  yc- 
xaHOBaeHo,  mo  Mcnoab30BaHMe  HacbiiaaroiaHx  cpea 
npM  UiMHKOBaHMH  c  TTO  nopoLUKa  uHHKa  no3BoaaeT 
noaynaxb  KanecTseHHbie  aHttsttiyas^onHwe  pHHKOBbie 
nOKpblXMfl  KHK  PpH  anMXeabHOCXM  HaCbliaeUHfl  3  H,  Tax 
npM  BpeMBHH  HacbimeHHsi  1  4.  Ana  ecex  Mccaeayewbix 
cxaaeM  yseaHneuHe  npoaoa)i<nxeabHocxH  HaobiipeHHa 
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APPLICATION  OF  HYDROTHERMAL  TREATMENT  OF 
ZINC  POWDER  FOR  RECONDITIONING  OF  PROTEC¬ 
TIVE  COATINGS  ON  WELDED  JOINTS.  (LG.Vorosh- 
nin,  L.A. Antoshina  (Belarus  Polytechnical Academy,  Re¬ 
search  and  Development  Institute  for  Welding  and  Pro¬ 
tective  Coatings  with  Pilot  Production,  Minsk,  Belarus). 
One  of  the  ways  of  maintaining  strength  of  the  welds 
under  conditions  of  aggressive  environments  is  to  sub¬ 
ject  them  to  thermochemical  treatment  (TOT).  Powders 
that  are  normally  used  to  produce  protective  coatings 
are  toxic,  susceptible  to  sintering  and  do  not  yield  con¬ 
sistent  results  in  multiple  use.  Hydrothermal  treatment 
(HTT)  of  the  saturation  powder  media  applied  for  diffu¬ 
sion  galvanizing  allows  an  increase  in  the  TCT  tempe¬ 
rature. 

The  method  of  diffusion  galvanizing  in  powder  media 
suggested  by  R.G.Galin  makes  it  possible  to  avoid  draw¬ 
backs  typical  for  the  traditional  method.  The  powder 
I  media  used  for  diffusion  galvanizing  are  subjected  to 
special  preliminary  treatment.  The  technology  for  diffu¬ 
sion  galvanizing,  involving  the  powder  media  with  HTT 
of  the  zinc  powder,  is  environmentally  safe.  Its  advan¬ 
tages  include  the  absence  of  halide  activators  in  the 
!  powder  media,,  elimination  of  formation  of  environmen- 
I  tally  hazardous  sewages  and  effluents,  no  need  for  pre¬ 
liminary  preparation  of  workpiece  surfaces  for  TCT  and 
ensuring  sound  surface  coating. 

The  galvanizing  process  occurs  as  a  result  of  zinc  va¬ 
pours  present  in  the  system.  Analysis  of  the  galvanizing 
mechanisms  that  possibly  can  take  place  in  the  case  of 
using  this  technology  allowed  a  conclusion  that  the  most 
probable  process  occurring  here  is  saturation  in  eva- 
i  poration  of  liquid  zinc  through  cracks  in  the  ZnO  layer 
covering  the  zinc  powder  particles.  The  conclusion  was 
made  after  calculation  of  equilibrium  pressure  of  the 
zinc  vapours  over  the  ZnO  and  6-phase  surfaces. 
Diffusion  galvanizing  was  carried  out  in  the  powder 
media  containing  100  %  HTT  zinc  powder.  HTT  of  the 
zinc  povzder  of  the  PTs-4  grade  was  performed  by  bo¬ 
iling.  Diffusion  galvanizing  occurred  at  temperatures  of 
450  to  600  "O  for  1  and  3  hours.  Test  samples  were 
made  from  structural  steel  of  15  grades.  The  effect  of 
the  TOT  process  temperature  and  steel  compo.sition  on 
the  coating  structureand  ratio  of  thickness  of  the  phases 
making  the  coating  at  the  given  galvanizing  method  was 
studied. 

The  resulting  diffusion  coating  has  the  following  struc¬ 
ture:  a-phase  (solid  solution  of  zinc  in  a-Fe)  located  on 
the  surface  of  a  workpiece  subjected  to  saturation,  then 
G-phase  and  basic  coating  layer  —  6-phase. 

Visual  examination  showed  that  after  TOT  the  samples 
had  a  smooth  light-gray  surface  with  no  traces  of  ad¬ 
hering  mixture. 

As  proved  by  metallography,  the  application  of  the  sa¬ 
turation  media  for  galvanizing  using  HTT  of  the  zinc  pow¬ 
der  allows  the  sound  diffusion  zinc  coatings  to  be  pro¬ 
duced  at  a  saturation  time  of  3  and  1  hour.  For  all  of 
the  steel  grades  investigated  an  increase  in  the  time  of 
saturation  leads  to  an  increase  in  thickness  of  the  dif¬ 
fusion  zinc  coaling. 


82 


CBAPHblE  KOHCTPymm _ _ 

cnoco6cTHyeT  yBejiMMeHMio  TO/imwHbi  fli/i(t)ct)y3HOHHoro 
UMHKOBOrO  nOKpblTHfl. 

HacbimaraiMne  cpeAbi  Moryr  ncno/ibaosaTbca  MHoroK- 
paTHo  {MacTOja  McnoabsosaHUB  He  B/iHneT  na  KaMecTBo 
nOKpblTHH). 

MCCJIEAOBAHME  KAMECTBA  ©OPMMPOBAHMSI 
yrJIOBbiXUJBOB  nPM  POBOTHSHPOBAHHOti  CBAP- 
KE  OB'bEIVIHbIX  cyflOKOPriVCHblX  CEKUMM.  E  A- 

PaBpMnenKO  (YrMW,  r.Hmo/iaeB,  YKpama).  B  oSbeMHbix 
MeTaaaoKOHCTpyKUMBX  KpynHOTOHnaxHbix  cynoB  npe- 
pbiBMOTbie  yraoBbie  ujBb!  —  HaH6oaee  Tnnn4Hbie  caap- 
Hbie  coeflHHSHHa,  BbinoanaeMbie  MexaHM3npoBaHHoPi 
caapKOM  B  aaiuHTHbfx  raaax  (COj,  Ar  +  COj).  DpH  3Tom 
HepeflKo  BosHUxaioT  npo6aeMbi  c  Heo6xoflMMOcTbio 
coSaioAeHHH  sanaHHoPi  reoMeipHHecKOH  (})opMbi  m  xa- 
MecTBa  nponnaBaeHHH  yraoBbix  ujboe,  BbisBaHHbie 
cjioxHOCTbio  o6GcneHeHMB  ycTOMHHBoro  nepeHOca 
saeKTpoflHoro  Mexa/iaa  abb  oTHOcMreabHo  waabix  cko- 
pocTen  noAHMH  npoBoaoKH  <  8  m/mhh), 
flocTHxeHHe  rapaHTMpoBaHHoro  KaaecTBa  npii  (jJopMM- 
pOBaHMM  ymOBbIX  LUBOB  B03M0XH0  33  CHGT  BHeAPSHHB 
aAaiTTHBHblX  CEapOMHbIX  P060TOB,  aBTOMaTHHSCKM  oriTM- 
Mii3MpyioLAHx  MMny/ibCHbie  H  noHCKOBbie  napawieTpbi  Ayrn . 
B  Toxe  BpeMB  TOHHocrb  cSopKH  TaxHX  KOHcTpyKUMfl  Moxer 
CnOC06cTBOBaTb  BOSHHKHOBeHHK)  XapaKTGpHbIX  A^B 
pof5o™3npoBaHHoPi  CBapKM  Aett’exroB  iJJopMbi  yraoeoro 
ojBa;  HepaBHo6oKocTb;  BomyrocTb;  HecnnaBaeHHe;  aasbi- 
iiieiiMe  nan  aaHnxewne  pacMeTHovi  tobiahhw. 

B  cyAOCTpoeMHH  Tpe6oBaHnaMH  MexAyHapoAHbix 
iaiaccn4)HKaunoHHbix  oSmecTS  n  craHAapTOB  ISO  6520, 
EN  25817  Ana  xaxAoro  ns  BbiAS/ieHHbix  Ae4)eKTOB  yc- 
TaMOBaeHbi  AonycKH,  AnanaaoHU  sapbuposaHi-iq  koto- 
pbix  saBWCBT  OT  HasHaMaewon  pacneTHoti  ToaaiMHhi  m 
CTenenn  oTBexcTBenHocTn  yraoBoro  LUBa  b  cexunn. 
Po6oxM3HpoBaHHaB  CBapxa  xpeSyex  oAHoaHaMKoro 
coraacoBaHMB  Bcex  AonycKOB  oxHocnxeabHo  4)aKxn4e- 
ckhx  oxK/ioHeHnn  saexxpoAa  ox  amhuh  coeAHHeHHB  n 
noAoxeHHB  cBapnBaewbix  xpoMOK. 
ripeACxaBAeHbi  peayabxaxbi  anaanaa  cjjopMbi  yraoBoro 
aiaa,  noAyneHHbie  npn  nporpaMMnpoBaHHH  oxkao- 
HeHHH  KOHLia  SAGKXpOAa  ox  OCH  cxbixa  M  npnHEXbIX  33- 
panee  cSopo'tHbix  aaaopoB  b  xasposbix  coeAHHeHiiBX 
(8  n  b  — AO  5  MM).  noKaaaHo,  hxo  oxx/iOHOHHB  n  aaaopbi 
MMeiox  pa3AHMHoe  eanBHne  Ha  nepepacnpeAeaeHMG 
30H  cnAasAeHnq  no  nepM(t»epHM  HanaasAeMHoro  Me- 
xaAAa  uiBa,  b  Macxnocxn,  Ha  onpeAeaeuMe  perAa- 
MeHxnpyeMon  cxawAapxaMH  rAy6nHbi  nponAaBAenna. 
npn  sxoM  nocxasAeHHaa  aaAaHa  peiiiena  a^b  MAP- 
cBapxn  aa  cHex  npnMeneHi-iB  cnAomHux  n  nopoiuKOBbix 
npoBOAOK  MaAoro  A^aMexpa  b  pasAMMHbix  npocxpaw- 
cxBeHHbix  noAoxeHHBX. 

AnaAMS  peayAbxaxoB  MccAeAOBaHMn  noxasaA,  mxo 
HanOoAbUJG©  BAnBHMe  Ha  nxoroBbie  noxaaaxeAn 
ct)opMnpoBaHMB  yrAOBOFO  LUBa  npn  poboxnanpoBaHHon 
CBapxe  OKasbiBaiox  ocoOeHHOcxn  xbxhukh  npor- 
paMMupoBanna  xpaexxopnn  ABiixenna  ropeAxn  n  xex- 
HOAornHecKMe  cBoncxsa  csapouHoCI  Aym.  Tax,  npor- 
paMMwpoBaHMe  xapaxxepnbix  noanuHn  saAspxxn  n 
xoHLiexpnpoBaHHoe  BAoxenne  xenAa  ana  ceapxn  b 
CMecnAr+  CO2  npeAonpeAeAHAO  noBBAsHne  spxo  bw- 
paxeHHbixynacxKOB  cnAaBAOUMB  EMexaAAeoxoAoujoB- 
Hon  30Hb!,  Mxo  BbissaAo  nspenaA  naMepeHHwx  rAyOnn 


_ WELDED  STRUCTURES 

The  saturation  media  can  be  used  many  times  (frequ¬ 
ency  of  the  use  has  no  effect  on  the  coating  quality). 


EXAMINATION  OF  QUALITY  OF  FORMATION  OF  FIL¬ 
LET  WELDS  IN  ROBOTIC  WELDING  OF  THREE-DI¬ 
MENSIONAL  SHIP  HULL  SECTIONS.  E.D.GavrIlenko 
(UGMTU,  Mykolaiv,  Ukraine).  Intermittent  fillet  welds  are 
the  most  typical  welded  joints  made  by  mechanized 
gas-shielded  (CO^,  Ar  +  COg)  welding  in  volumetric 
metal  structures  of  high-tonnage  ships.  This  is  the  case 
which  involves  problems  with  the  necessity  of  providing 
a  preset  geometrical  shape  and  quality  of  penetration 
of  fillet  welds,  which  is  associated  with  difficulty  of  en¬ 
suring  stable  electrode  metal  transfer  at  a  relatively  low 
wire  teed  speed  (o^,  <  8  m/min). 

The  guaranteed  quality  of  formation  of  fillet  welds  can 
be  achieved  by  using  adaptive  welding  robots,  which 
provide  automatic  optimization  of  pulsation  and  sensed 
parameters  of  the  arc.  At  the  same  time,  accuracy  of 
assembly  of  such  structures  might  lead  to  shape  defects 
of  the  fillet  welds  characteristic  of  robotic  welding,  such 
as  irregular  side  surfaces,  concavity,  excessive  or  in¬ 
sufficient  design  thickness. 

International  classification  societies  and  standards  ISO 
6520  and  EN  25817  in  force  in  ship  building  specify 
tolerances  for  each  of  the  above  defects,  the  ranges  of 
which  depend  upon  the  assigned  design  thickness  and 
degree  of  importance  of  a  fillet  weld  in  a  section.  Robotic 
welding  requires  definite  matching  of  all  the  tolerances 
regarding  actual  deviations  of  electrodes  from  the  joi¬ 
ning  line  and  position  of  the  weld  edges. 

Results  of  inve.stigation  of  the  fillet  weld  shape  obtained 
by  programming  deviations  of  the  electrode  tip  from  the 
welded  joint  axis  and  preliminarily  accepted  assembly 
gaps  in  T-joints  (8  and  b  —  up  to  5  mm)  are  presented. 
It  is  shown  that  the  deviations  and  gaps  have  different 
effect  on  redistribution  of  the  fusion  zones  on  the  pe¬ 
riphery  of  the  deposited  metal,  in  particular  on  deter¬ 
mination  of  the  penetration  depth  specified  by  the 
standards.  The  problem  posed  has  been  solved  for  MAG 
welding  by  using  small-diameter  solid  and  flux-cored 
wires  in  different  spatial  positions. 

Analysis  of  the  investigation  results  showed  that  the  hig¬ 
hest  effect  on  final  properties  of  formation  of  the  fillet 
welds  made  by  robotic  welding  was  exerted  by  peculi¬ 
arities  of  the  process  of  programming  the  path  of  the 
torch  and  operational  properties  of  the  welding  arc. 
Thus,  programming  of  characteristic  positions  of  lag 
and  concentrated  heat  input  for  welding  in  a  mixture  of 
Ar  -t-  CO2  predetermined  appearance  of  clearly  defined 
fusion  regions  in  the  weld  zone,  which  caused  differen¬ 
ces  in  the  measured  penetration  depth.  In  the  case  of 
using  the  flux-cored  wire,  the  decisive  effect  is  exerted 
by  the  intensity  of  feed  and  melting  of  the  electrode 
wire  (uiv.fS  10  m/min).  The  stable  increase  in  the  arc 
power  creates  the  necessary  conditions  for  producing 
comprehensive  and  deep  penetration  in  the  fillet  weld 
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nponjiaB/ieHMfl.  ripn  nepexofle  Ha  nopoiUKoeyio  npo- 
Bo/ioxy  onpefle/ifHoipee  sHaneHMe  HweeT  nHTencMB- 
HocTb  noflaHM  M  nnaB/ieHHH  sjieKTpoflHOM  npoBO/ioxM 
('^n.np  10  m/mmh).  CTa6n;ibHoe  noBbimeHMe  moimhocth 

flyPH  co3flaeT  HeoGxoflMMbie  ycpoBHS  p/iB  nopiyseHi'iB 
Bceo6beM/iK)inero  m  rjiy6oKoro  npon/iae/ieHHH  b  KopHe 
yr;ioBoro  uiea,  BcaeflciBHe  Hero  moxot  6biTb 
pacLUnpeH  flHanaaoH  ycTaHaB/iwBaeMbix  TexHo- 
aorHHecKnx  flonycxoB.  B  paSoie  npefl/ioxeHbi  pacneT- 
HbiGCxeMbi  M  MaTeMaTMHecKneaaBHCMMOc™  abb  onpe- 
fleneHMB  flonycTHMhix  oTioioHeHMH  m  aasopos  cyneToM 
fleCicTByioinMx  b  cyAocrpoeHHM  xpeSoBaHMCi. 

OnbIT  nPMMEHEHMSI  CBAPKM  B  BALLlMTHbtX 
TASAX  HA  CVAOCTPOMTE/lbHblX  BEPOPX  VKPA- 
MHbl.  E  /J.  ranpmeHKO,  C.  M.  CaMOxm  (VEMry,  r. 
HnKo/iaeB,  yKpanHa),  lO.  B.  Conan menKo  (OAO 
«OKeaH»,  r.  HnKonaeB,  VKpanna).  B  cyAOCTpoennM 
yxpaMHbi  naKonAeH  SoraTufi  oriuT  npuMeHeHun 
MexaHM3HpODaHHOM  M  aBTOMaTHMeCKOil  CBapKH  cnaoiB- 
HbiMM  npoBOAOKaMM  B  yrAexMCJioM  rase.  HecMOTpB  Ha 
npocToiy  M  flocTyriHocTb  eMy  npHcyiUM  m  neAocTaTXH 
(noBbiuJGHMbiM  pacxoA  HanaaBneHHoro  MeTanna  Ha  1 
nor.  M  ujea;  BbiooKiiCi ypoBeHbTpyAoaajpaT na  aaHMCTKy 
6pbi3r  nocAe  csapKH;  s  pBAe  criyHaeB  HBAocTaxoHHbie 
naoxHooxb  h  nAacxHHHocxb  wexaAAa  liisa;  sasbimeH- 
Hbie  BbinyKAooxM  m  HeiuyfiHaxocxb  lUBa;  HGBbicoxHe 
noKaaaxeAM  npoMSBOAHxeAbHocxM  HanaasKH  a  HHXcnew 
(AO  4  xr/H)  H  BepxuxaAbHOM  (ao  2  kp/h)  npocxpancx- 
BeHHbix  noAOXceHUHX).  ripH  3XOM  CBapxy  cyAoxopnyc- 
Hbtx  KoHcxpyxnHfi  BbinoAHBiox  no  rpyHXOsaHHbiM 
noBepxHocxBM,  Hxo  cymecxBeHHoyBeAMHHBaexnoxepH 
Mexaaaa  na  pa36pbi3rMBaHMe.  OiMeneHHbie  Hepo- 
CXaXKM  BBABAHCb  OAHOO  H3  npMHMH  HH3K0H  KOHKypeH- 
xocnoco6HocxM  npoAyxAHM  oxeHecxBGHnoro  cyAocx- 
POGHMB  Ha  MMpOBbIX  pblHXaX. 

riepBbfM  uiaroM  b  HanpasAeHHH  noBbiiiieHMf)  acp- 
(JjeKXMBHOCXH  CBapKH  cyAOKopoycHbix  cexAHH  cxaa 
nepexoA  Ha  aaiAMXHbie  cmgom  (Ar  +  (10. ..25)  %  CO2). 
DpoBGAeHHbie  KOMnaeKCHbie  MccAGAOBaHHB  noKaaariM, 
HXO  3a  CHGX  BHGApeHMH  3aLUHXH0H  CMGCH  Ar  +  1  8  COj 
yAaAOCb  AOCXHHb  onpGAeAGHHblX  xeXHOAOrMHGCKHX 
npeMMyinecxB  —  noBbimeHHB  sHaHenHB  nponnocxH  m 
yAapHoO  BBSKocxM  Mexanaa  msa;  o6ecneHeHne  hgo6- 
xoAMMoro  ypoBHH  Aeri/tpoBaHHB  HanaasAGHHoro  Mexaa- 
aa;  noayHeHMe  rflaAKoPt  cjjopMbi  npotpHAB  yraoBbix  lubob; 
CHHXCGHHG  pa36pbi3rnBaHHH;  yMenbLUGHHG  sHeprosax- 
pax;  yAynmeHHG  BHeuiHero  BMAa  ujbob;  noBbioiGHHe  cko- 
pocxeii  CBapKH  h  npoMSBOAHxeAbHocxeH  nanaaBKH 
(hhjkhgg  ao  6,  BepxHxaAbHoe  ao  3  k^/h).  BAaropapH 
HcnoAbaoeaHMio  cmgcgh  na  ochobg  aprona  snepebie  b 
Hanane  1990-x  rr.  b  VKpaHHe  6biAM  npoeeAsHbi 
KAaCCM(})MKaUHOHHble  MCnbIXaHHB  b  cooxbgxcxbhm  cxpe- 
6oBaHHHMH  Me)KAyHapOAHblX  CyAOCXpOHXeAbHblX 
o6iA6CXB.  ripHMGHHXGAbHO  K  CBapKG  XaSpOBblX  H  CXblKO- 
BblX  COGAHHeHHpi  CyAOKOpnyCHbIX  KOHCXpyKpHM 
noAyHHAH  oAoBpGHHG  HcnoAbsysMbie  cBapoHHue 
MaxepnaAbi,  npHSHano  onxHMaAbHbiM  Kanecxso  ceapHwx 

LUBOB.  OaHBKO  HH3K0e  XaHGCXBO  CnnOLUHblX  OXeHGCXBGH- 

Hbix  npoROAOK  H  noBbioiGHHaB  cxoHMocxb  aproHa  npe- 
nHXCTByiox  ujnpoKOMy  ocboghhio  axoro  cnoco6a  ceapKn 

B  cyAOCXpOGHHH.  B  XO  )KG  BpGMH  HGAOCXaXOHHOG 
KOAMHeCXBO  BblCOKOXGXHOAOrHHHOPO  MHKponpopeCCOp- 
Horo  o6opyAOBaHHH  na  HHsepxopHOH  Base  cAepxcuBaex 
BHGApeHHe  HMnyAbCHO'AyroBbix  xexHOAorMH. 


root.  In  turn,  this  can  result  in  widening  of  the  ranges 
of  the  technology  tolerances.  The  work  done  includes 
the  calculation  diagrams  and  mathematical  depend¬ 
encies  to  determine  permissible  deviations  and  gaps 
on  the  basis  of  the  standards  in  force  in  ship  building. 


EXPERIENCE  OF  USING  GAS-SHIELDED  WELDING 
AT  SHIP  YARDS  OF  UKRAINE,  E.D.Gavrilenko,  S.M. 
Samokhin  (UGMTU,  Mykolaiv,  Ukraine),  Yu.V.Solonic- 
henko  (Slock  Holding  Company  «OKEAN»,  Mykolaiv, 
Ukraine).  Ship  building  industry  of  Ukraine  has  accu¬ 
mulated  great  experience  in  applying  mechanized  and 
automatic  CO^  welding  using  .solid  wire.  Despite  simp¬ 
licity  and  affordability,  this  process  is  characterized  also 
by  some  drawbacks,  such  as  an  increased  consumption 
of  deposited  metal  per  running  meter  of  a  weld,  high 
labour  expenditure  for  removing  spatters  after  welding, 
in  some  cases  — •  insufficient  density  and  ductility  of  the 
weld  metal,  excessive  reinforcement  and  rippled  surfa¬ 
ces  of  the  welds,  as  well  as  low  deposition  efficiency  in 
flat  (up  to  4  kg/h)  and  vertical  (up  to  2  kg/h)  positions. 
Welding  of  the  ship  hull  structures  is  performed  on  the 
surfaces  coated  by  a  primer,  which  leads  to  a  substantial 
increase  in  losses  of  metal  for  spattering.  The  noted 
drawbacks  were  one  of  the  causes  of  low  competitive¬ 
ness  of  the  domestic  ship  building  products  in  the  world 
markets. 

The  first  step  towards  increase  in  the  efficiency  of  wel¬ 
ding  of  the  ship  hull  sections  was  transition  to  using  the 
shielding  mixtures  (Ar  -b  10-25  %  COj).  The  compre¬ 
hensive  investigations  conducted  showed  that  the  use 
of  the  Ar  +  18  %  COj  shielding  mixture  provided  certain 
technological  advantages,  such  as  increase  in  strength 
j  and  impact  toughness  of  the  weld  metal,  achievement 
I  of  the  required  level  of  alloying  of  the  deposited  metal, 
j  providing  a  smooth  shape  of  the  fillet  weld  profile,  dec- 
!  rease  in  spattering,  reduction  of  labour  consumption, 

I  improvement  in  the  exterior  appearance  of  the  welds, 

!  increase  in  the  welding  speed  and  deposition  efficiency 
I  (in  the  flat  position  —  up  to  6  kg/h  and  in  the  vertical 
i  position  —up  to  3  kg/h).  Owing  to  the  use  oftheargon- 
I  base  mixtures,  for  the  first  time  in  Ukraine  the  qualifi- 
I  cation  tests  were  conducted  early  in  the  1 990s  in  com- 
j  pliance  with  requirements  of  the  international  ship  bu¬ 
ilding  societies.  The  used  welding  consumables  were 
approved  for  welding  T-  and  butt  joints  in  ship  hull  struc¬ 
tures,  the  quality  of  the  v;elds  being  recognized  as  op¬ 
timal.  However,  the  low  quality  of  domestic  solid  wires 
and  high  price  of  argon  hamper  wide  application  of  this 
welding  method  in  ship  building.  At  the  same  time,  the 
insufficient  amount  of  high-technology  inverter-based 
microprocessor  equipment  limits  the  application  of 
pulse-arc  technologies. 

Since  the  middle  of  the  1 990s  the  commercial  applica¬ 
tion  of  thin  flux-cored  wires  for  gas-shielded  welding  in 
the  ship  building  industry  of  Ukraine  created  prereq- 
!  uisites  for  coming  back  to  the  use  of  carbon  dioxide 
i  shielding,  which  is  less  expensive,  as  compared  to  argon 
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C  cepeflMHbi  1990-x  rr.  npoMbiLu;ieHHoe  ocBoeHne  b  cy- 
AOCipoeHHM  VKpaHHbl  TOHKMX  nopOLUKOfiblX  npOBOAOK 
CBapKM  B  aaiAHTHbix  raaax  cosAano  npeAnocbiaxM 
AJiB  BoaepatAGHMS  k  doaee  AsiueBofi  no  cpaBHGHMto  c 
aproHOM  aaiAHTHOM  cpeAe  b  yraeKwcjioM  raae.  B  cbb3m 
C  3TMM  Ha  CyAOCTpOHTG/lbHblX  Bepct)BX  HnKOBaeBa  H  Xep- 
coHa  6bm  sunoaHeH  KOMnnexc  cpaBHMTejibHux  opeHOB- 
HblX  MCnbITaHMM  HGKOTOpblX  OTeMGCTBeHHblX  M  MMOOpT- 

Hbix  nopoBiKOBbix  npoBOBOK  (nn-AH59,  nDc-TMB?,  nn- 
AH26,  PZ6113,  PZ6113S,  TI-58-FD,  CN-23/12-FD, 
Outershield  71C-H).  FloayBGHHbie  peay/ibiaTU  noa- 
BOAMAH  BbiSpaTb  3K0H0MMHeCKM  BbirOAHblG  H  XaHeOTBeH- 
Ho  HOBbie  npHcaAOBHbie  npoBo/ioxM  abb  CBapxH  cyAo- 
KopnycHbix  KOHCTpyKpHM,  paapaSoTaTb  tgxho- 
JlorMHeCKMG  pGKOMeHAapMH  no  HX  npOMbllUBeHHOMy 
npnMeHenn(o.  Tax,  enepBue  b  VKpaMHe  b  HonSpe  1997 
r.  Ha  cyAocTpoHTGJibHOM  Bepct)H  «OKeaH«  6bma  Bbinoa- 
HGHa  poSoTMSMpoBaHHaa  csapKa  tchkoii  nopoiUKOBoPi 
npoBOAOKOH  PZ61 13S  BepTHKaabHoro  ymoBoro  luea. 

OCHOBHblE  yPABHEHM$1  CBAPOHHorO  TPAHC- 
OOPMATOPA.  A.  A.  Temep  (RpmaoB.  roc.  tbxh.  yn-T, 
r.  Mapt-iynonb,  Wpai/ina).  CsapoHHbiH  TpaHccbopMarop 
HB/ineTcfl  ocHOBHbiM  oaGMeHTOM  annapaTHoro  oSopyAo- 
BaHHB  npM  npoH3BOAcTB6  aaeicTpocBapoBHbix  pa6oT.  B 
CHCTGMax  aBTowaTHsauHH  TexHoaorMMecKMX  npopeccoB 
CBapKM  aaHacTyio  hgoSxoammo  4>opMHpoBaHMe  noao- 
XMTejIbHblX  M  OTpMpaTe/ibHbix  o6paTHbix  cBBaeil, 
BC/iGACTBMe  Hero  B03HMKaeT  Bonpoc  o6  aMnawT^'AHo- 
cpaaoBbix  cooTHOtiieHMBX  MexAV  HanproKeHMaMM  m  ToxaMM 
TpaHC(t)opMaTopa.  Yxe  AecHTXM  ner  o6cy)i<AaeTcq  npo6-  | 
Bewa  BbiSopa  ocHOBHbix  ypaBHeHMM  TpaHctjjopwaTopa.  { 
06tpcHqeTcq  sto  pasMTeabHUM  HecooTBeTCTBMeM  noao-  i 
xeHMPi  xnaccMHecxoM  leopiiM,  AaHHWx  sxcnepMMeHTa  m  j 
npaxTHKM.  CoraacHo  xaaccMHecxoM  TeopviM,  ocHOGHbie  1 
ypaaHeHMB  TpaHccpopwaTopa  mmsiot  bma  I 


dl,  dl. 


=  dt 


dl.  dl, 

+  M~  +  r,/,,. 


dt 


H3  npMBSAGHHbiX  ypaBUGHHpi  M  noCTpoeHHOM  Ha  MX 
ocHOBe  BexTopHOM  AMarpaMMbi  bmaho,  hto  BXOAHoe  C/, 

M  BwxoAHoe  U2  HanpqxeHMH  HaxoAHTca  b  npoTMBO^a- 
3ax,  xoTB  peayiibiaTbi  axcnepMMeHTOs  cBMASTeabCTBy- 
K)T,  HTO  MGXCAy  yxasaHHblMM  HanpaXeUM^MM  HGT 
npoTMBocpasbi.  ycrpaHeHMB  sxoro  npoTMBopeHMS 
HexoTopbiMM  aBTopaMM  npeAnaraercH  aabTepHaTMenan  i 
(JjopMa  aanMCM  ochoshhix  ypaBHeHMfi  TpaHCtpopMaropa,  j 
HO  npM  3T0M  c/iGAyer  MCKBioHMTb  3HaK  MMHyc  B  cpopwyae  ! 
aaxoHa  saexTpoMarHMTMOM  mhavkamm,  oAnaxo  stot  anax  j 
MMseT  r/iy6oKMi1  cpMaMHeoxMM  cMbica  m  BwpaxaeT  Maaec-  | 
THoe  npaBMPo  /leHua.  flnq  ycTpaweHMq  npoxMBopeHMq  j 
npeAnpuMeM  nonbiTxy  pa3pa6oTKM  xeopMH  pa6oTbi 
TpaHC(4)opMaTopa  c  Mcno/ibaoBaHMeM  HameM  TpaxroBXM 
qBBGHMq  saexrpoMarHMTHOM  MHAyxuMM,  nocxoabxy 
npMHUMn  paSoTbi  TpaHCtpopwaTopa  ocHOBan  na  stow 
qB/iGHMM,  flnqTpaHC(l)opMaTopa  na  ochobg  BToporo  aa- 
KOHa  KMpxro(t)a  m  npeAnaraewoM  HawM  aaoMCM  aaxoHa 
saexTpoMarHMTHoil  mhayxamm  moxho  HanMcaib  caeAy- 
K)LUMe  ypasHGHMq: 

Aaq  nepBMHHOM  o6motkh 

(1) 

<7  dt  dt  ’ 


shielding.  In  this  connection,  the  ship  yards  in  Mykolaiv 
and  Kherson  carried  out  a  package  of  comparative  eva¬ 
luation  tests  of  some  domestic  and  foreign-made  flux- 
cored  wires  (PP-AN59,  PPs-TMV7,  PP-AN26,  PZ6113. 
PZ6113S,  Ti-58-FD,  CN-23/12-FD,  Outershield  71C- 
H).  The  results  obtained  allowed  selection  of  the  cost 
effective  and  qualitatively  new  filler  wares  for  welding 
ship  hull  structures  and  development  of  the  technolo¬ 
gical  recommendations  for  their  wide  commercial  ap¬ 
plication.  Thus,  for  the  first  time  in  Ukraine  in  November 
1997  the  ship  yard  "OKEAN”  performed  robotic  vertical 
fillet  v/elding  using  thin  flux-cored  wire  PZ6113S. 


BASIC  EQUATIONS  OF  THE  WELDING  TRANSFOR¬ 
MER.  A. A.  Gierzer  (Priazovsky  State  Technical  Univer¬ 
sity,  Mariupol,  Ukraine).  Welding  transformer  is  the 
basic  element  of  hardware  intended  for  electric  welding 
operations.  Systems  for  automation  of  welding  proces¬ 
ses  often  require  formation  of  positive  and  negative  fe¬ 
edbacks,  this  involving  the  issue  of  amplitude-phase 
relationships  between  voltages  and  currents  of  the  tran¬ 
sformer.  The  problem  of  selection  of  basic  equations 
for  the  transformer  has  been  the  subject  of  discussions 
for  decades.  This  is  attributable  to  a  dramatic  difference 
between  concepts  of  the  classical  theory  and  experi¬ 
mental  and  practical  data.  According  to  the  classical 
theory,  basic  equations  of  the  transformer  are  as  fol¬ 
lows: 


dl, 

db 

+  M  +r,I, 

dt 

dt  '  ' 

dU 

dl. 

---2 

+  M—^  +  rJ. 

2  dt 

dt  2  , 

It  can  be  seen  from  the  above  equations  and  the  vector 
diagram  plotted  on  their  base  that  input  Ui  and  output 
6/2  voltages  are  in  antiphases,  although  the  experimental 
results  evidence  that  there  is  no  antiphase  between 
these  voltages.  To  eliminate  this  discrepancy,  some  aut¬ 
hors  suggest  an  alternative  form  for  writing  basic  equ¬ 
ations  of  the  transformer.  This  requires  that  the  "minus" 
sign  be  excluded  from  the  formula  of  the  electromag¬ 
netic  induction  law.  However,  this  sign  has  a  deep  phy¬ 
sical  meaning  and  expresses  the  known  Lenz’s  law.  To 
eliminate  this  contradiction,  let  us  try  to  work  out  the 
theory  of  the  transformer  using  our  interpretation  of  the 
electromagnetic  induction  phenomenon,  as  the  princip¬ 
le  of  operation  of  the  transformer  is  based  particularly 
on  this  phenomenon.  Based  on  the  second  Kirchhoff’s 
law  and  the  form  we  suggest  for  writing  the  eiectromag- 
netic  induction  law,  the  following  equations  can  be  writ¬ 
ten  for  the  transformer: 
for  primary  winding: 

d{n^<l>^) 

dt  ~  dt  ’ 
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M  fl/iq  BTOpUMHoCi  o6motkm 


TAG  /, ,  I2  — tokm  b  nepBUMHoPi  m  btopmhhoii  ofiMOTKax, 
co3AaK)iu;Me  MarHUTHue  noTOKM  0,  u  02’  '"i>  ^2  — 
conpoTMBiieHMn  o6motok  npii  KOAHHecTBe  bhtkob  m 
^2'  ^cT  —  pB6oTa  cTopoHHUx  CUB  HO  nepeMeiuenHio 
aapBAa  Qi  no  ncTOHHMicy  tokb  m  nepBUHHOM  oSMOTKe; 

—  conpoTMBBeHne  narpysKn;  A^^2  —  pa6oTa  cto- 
poHHMX  CUB  no  nepewemeHiiK)  aapoAa  (73  no  penn 
BTopuHHOM  o6motkm  TpaHc4>opMaTopa. 

K  3TMM  ypaBHeHMBM  CBOAyeT  AoSaBMTb  eine  oaho  — 
ypaBHeHMe  tokob  HarpyxeHHoro  TpaiiccpopwaTopa. 
Oho  MO)KeT  6biTb  noByneHo,  mcxoab  m3  npasHBa/leHAa 
ABB  MamMTHblX  nOTOKOB 

0, 

TAB  0Q  —  noTOK  xoBOCToro  xoAa  TpaHC({>opMaTopa, 
flBB  C03AaHHB  3THX  flOTOKOB  Tpe6yiOTCfl  HaMarHMHM- 
BaiOlUMe  GMBbI 

- /2«2  = /io”r 

YnUTblBaB,  MTO  TOKM  BBBBIOTCB  CMHyCOHAaBbHbIMM  BO- 


BMMMHaMM,  OepeMeHHblMM  BO  BpeMeHM, 

MMGBM  (popN/iyny 

I]  ”  Zio  ■*“  i2”2/”l’ 

(3) 

KOTopaB  npeAcxaBBBex  co6om  ypaBHeHuexoKOB  narpy- 
xeHHoro  xpaHCfbopMaxopa. 

riocBe  npeo6pa30BaHMCi  ypaBHeHMM  (1)  m  (2)  nony'iuM 
cBeAytoLuyio  cMcxeMy  ypaBHeuMPi: 

iZi  “  £1  "  £21  — ri  1 

(4) 

i/2  =  £2-£22  +  i^r2- 

(5) 

M3  3TMX  BbipaXeHMM  M  nOCTpOeHHOM  Ha  MX  OCHOBS  BSK- 
TopHoM  AMarpaMMbi  bmaho,  hto  Me)KAy  HanpB>KGH!iqMM 
Ut  n  U2  hbt  npoTMBocpaabi,  hto  m  noATBepxcAaeTCB 
peayBbTaxaMM  aKcnepMMeHTa. 

TaXMM  o6pa30M,  ypaSHGUMB  (3)-<5)  BSBaiOTCB  OCHOB- 
HblMM,  KOTOpbie  MOXHO  npMMeHMTb  M  ABB  CBapOMHOTO 
TpaHcctiopMaTapa. 

CBAPKA  noA  OJiKJCOM  ny/ibCMPVioujiEM  Avrofi 
BbICOKOnPOHHbIX  HM3KO;iEri1POBAHHbtX  CTA- 
AEii.  B.  B.  ro/ioBKO  (Hh-t  s/ieiapocBapKM  mm.  E.  O. 
PaToHa,  r.Ki/iea,  yKpanna).  CBapxa  noA  (pBiocoM 
nyBbCMpyioLueCi  avtom  (C0nfl)  BBBaeTCH  hobwm  npor- 

pecCMBHblM  BapMaHTOM,  OTBMHaiomMMCB  BblCOKOi^  3KO- 
HOMMHHOCTblO  opM  COXpaHeHMM  ypOBHB  npoM3BOAM- 
TeBbHooTM  M  HaAoxHooTM,  xapaKTepHoro  abb  sToro 
npoAecca  b  qe/ioM. 

HccBGAOBaHMB,  nposeAeHHhie  b  HOC  mm.  E.  O.  naroHa 
no  MsyneHMio  tgxhobotmm  C0nfl,  6biBM  cocpeAOTO'ie- 
Hbl  Ha  paCCMOTpeHMM  yCBOBMM  (pOpMMpOSaHMB  CTpyK- 
Typbl  MOTaBBa  UJBOB  M  3TB  BbICOKOnpOMHbIX  HM3K0- 
BerMpoBaHHbix  (BflHJl)  cxaBeM.  C  sxoii  peBbfo 
npOMSBOAMBM  COnOCXaBBeHMO  06pa3U0B  CBapHbIX 
COOAMHGHMM,  BbmOBHOHHblX  Ha  noCTOBHHOM  XOKe  npM 
06paTHOM  nOBBpHOCXM  CXaUMOHapHOM  AyrOM  (CA)  M  c 
MCnOBbSOBaHMeM  XeXHOBOXMM  C0nA. 


_ _ WELDED  STRUCTURES 

for  secondary  winding: 


i'2r2*'2''l~  o  dt 


(2) 


Where  /,  and  /j  are  the  currents  in  the  primary  and  se¬ 
condary  windings,  which  create  magnetic  fluxes  and 
02<  and  Xg  are  the  resistances  of  the  windings  at  the 
n1  and  Dj  numbers  of  the  turns;  is  the  energy  of 
the  external  forces  causing  movement  of  charge  in 
the  current  source  and  the  primary  winding;  Rj 
load  resistance;  A^^2  i®  0®  energy  of  the  external  forces 
causing  movement  of  charge  ^2  0  circuit  of  the 
secondary  winding  of  the  transformer. 

These  equations  should  be  supplemented  with  one 
more  basic  expression,  i.e.  equation  of  the  loaded  tran¬ 
sformer  currents.  It  can  be  derived  from  the  Lenz’s  law 
for  magnetic  fluxes: 


01-^2°  00 


where  <P(,  is  the  flux  of  the  open-circuit  voltage  of  the 
transformer, 

The  following  magnetization  forces  are  required  to  ge¬ 
nerate  these  fluxes: 


/jWj  ~  ^tC^V 

Considering  that  the  currents  are  the  sinusoidal  mag¬ 
nitudes  which  vary  with  time,  the  following  formula  holds: 

/,  =i,0  +  l2”2/”l- 

which  is  the  equation  of  the  loaded  transformer  cur¬ 
rents. 

Transformation  of  equations  (1)  and  (2)  yields  the  fol¬ 
lowing  system  of  equations: 

U,  =  E,  -  E2,  +  (A) 


U2-K2-l22^ilr2- 

It  can  be  seen  from  these  equations  and  the  vector 
diagram  plotted  on  their  base  that  there  is  no  antiphase 
between  voltages  U,  and  U2,  which  is  proved  by  the 
experimental  results.  Therefore,  equations  (3)  to  (5)  are 
the  basic  equations  which  can  be  used  also  the  welding 
transformer. 

PULSED  SUBMERGED-ARC  WELDING  OF  HIGH- 
STRENGTH  LOW-ALLOY  STEELS.  V.V.Golovko 

(E.O.Paton  Electric  Welding  Institute,  Kyiv,  Ukraine). 
Pulsed  submerged-arc  welding  (PSAW)  is  a  new  advan¬ 
ced  version  characterized  by  high  cost  effectiveness 
and  maintaining  the  level  of  productivity  and  reliability 
typical  for  this  process  as  a  whole. 

Investigations  conducted  at  the  E.O.Paton  Electric  Wel¬ 
ding  institute  to  study  the  PSAW  technology  were  focu¬ 
sed  on  conditions  of  formation  of  structure  of  the  weld 
and  HAZ  metal  in  high-strength  low-alloy  (HSLA)  steels. 
For  this  purpose  a  comparison  was  made  of  samples 
of  welded  joints  made  at  direct  current  of  reverse  po¬ 
larity  using  the  stationary  arc  (SA)  and  by  the  PSAW 
technology. 

Primary  structures  of  metal  of  the  investigated  welds 
share  the  presence  of  columnar  composition  with  crys- 
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WELDED  STRUCTURES 


06ihmm  nepBUMHbix  oTpyicryp  MeTa/i;ia  uccaeAo- 
SaHHblX  LUBOB  BB/lBeTCf)  MX  cTo/i6HaToe  cxpoeni-ie  c 
opneHTupoBaHWeivi  KpucTan/iMTOB  no  HanpaB/iennio 
nepeMeineHHB  ({jpoHia  KpucTa/i/iMaapnH  m  nanmvie 
C;iOMOTOCTM  B  EMflO  HepeflyiOllJlMXCB  TOMBblX  M  CEeT/lblX 

no/ioc.  PasAMHaioTCB  stm  CTpyicrypb!  xapaKxepoM  ne- 
peflOBaHMB  m  MSMeHeHneM  tobbiuhw  KpHCTannu- 
aanMOHHbix  cAoea  no  Bbicoxe  lusa.  Tax,  abb  nepBMBHoii 
CTpyKTypbi  eapMaHTa  Cfl  xapaiorepHo  HaAMMiie 
CAOMCTOrO  CTpOeHHB,  BblBBilBeMoro  TpaBBOHMeM  B 
OCHOBHOM  B  pavioHe  KopHB  uiBa.  ToBiuMHa  xaxAoro 
nocneAyioU-iero  caob  yseanHUBaeTCB  no  Bbiooxe  msa  n 
Ha  paCCTOBHMM  1,5. ..2,0  MM  OT  HM>KHeM  XpOMXH  UJBa 
AocTMraeT  3naMeHMM  0,6. ..0,7  mm,  mto  e  4,0. .,4,5  pas 
SoAbine  no  cpaBHeHMio  c  caMbiMW  hmx<hiimm  caobmm, 
B  peHTpaAbHoti  HaoTM  uiBa  ii  Oahxs  k  ero  BbinyKAOcTH 

XpHOTannMSaLIMOHHbie  OAOM  BblBBMXb  He  VABAOCb, 
OTAMMHTeAbHOM  OCo6eHHOOTblO  nepBMHHOM  CTpyKTypbi 
MeTanaa  CBapHbix  lubob,  BbinoAHeHHbix  C0nfi,  bbab- 
eTCB  HanUHMe  nepHOAMHHOCTM  B  (JlOpMHpOBaHHH 
KpPCTaAAMaaHMOHHblX  CAOeB,  npOBBABIOmSMCB  npex- 
Ae  Bcero  B  (t>OpMHpOBaHMM  "T0HKMX»  M  «TOACTblX>'  CAOeB 
no  BbicoTe  LUBa.  ToAipHHaTaKMX  cAoee  cocTaBABAa  co- 
OTBeTCTSeHHO  0,04... 0,1 2  MM  H  0,1  5... 0,35  MM,  npHHeM 
MenbiiJMe  3HaHeHMB  M3  npuneASHUbix  AManaaoHOB 
OTHOCBTCB  X  KpMCTa.HAMSapMOHHblM  CAOHM,  paCnOAO- 
XeHHblM  bOaMSM  KOpHB  lilBS,  3  6oAbUJMe  — KyMaCTKaM, 
HaXOABUlMMCB  Ha  paCCTOBHMM  4,0. ..4,5  MM  BbILUe. 
CpaBHMTeAbHoe  conocTaRAeuMe  toaiakhli  caosb  b 
lUBaX,  BbinOAHeHHblX  no  oOeMM  TeXHOAOrMBM,  nOKaSbl- 
eaoT,  HTO  npM  MMnyAbCHOM  sapManTe  npopecca 
cfiopMMpytOTcq  caom  b  2,0, ..2, 5  paaa  6oAee  TonxMe, 
HGM  npM  C/1. 

PasAMHMB  b  xapaxTepe  nepMOAiiHHocTM  kphctbaam- 
aapMM  pacnAaBAOHnoro  MexaAAa  oTpaxaioTca  Ha  napa- 
Mexpax  3Toro  npopecca  m  npexA©  Bcerc  Ha  ero 
AAMXeAbHOCTM  M  CKOpOCTM  OAHOfO  UMKAa.  CxopOCTb 
KpMCTaAAMsapMM  MGTHAAa  ujBOB  cocxaBABex  AAB  c/1 
5,17  mm/c  b  KopneBOM  ynacTKe  mea  m  3,13  mm/c  b  ero 
eepxHefi  HacxM.  Aab  ulibob,  noAyneHHbix  noxexHOAorHM 
C0nA.  3Ta  cKopocxb  paEHfiAacb  5,39  mm/c  b  Kopne  m 
5,06  mm/c  B  BGPXHGM  HaCTM,  CpGAHBH  npOAOAXMTGAb- 
HOCTb  KpMcxaAAMsapMM  oAHoro  CAOB  pacnAasa  b  Kop- 
HGBOM  qacTM  LUBa  AocTMraAa  1,36  c  aab  BapMaHxa  CA 
M  0,45  caab  MMnyAbcHoro  pexMMa.  Sxoxxe  napaMexp, 
onpeAeAeHHbiM  AJif  aepxHMxyHacxKOB  lUBa,  cocxaBABA 
2,24  c  aab  SaaoBow  xexHOAornM  m  0,48  c  aab  COriA- 
HMnyAbCHbiM  noABOAxenAa  b  oBapoHnyio  saHHy,  xapax- 
xepHbii^  AAb  AaHHoro  cnocoOa  cBapKM,  cnocoOcxByex 
xoMy,  HTO  3a  BpeMB,  npM  KoxopoM  B  cAynae  6a30B0M 
XeXHOAOXMM  KpMCXaAAMayeXCB  OAMH  CAOM  MexaAAa,  npM 
COriA  npOMCXOpMX  KpMCXaAAM3a'4MB  xpex  CAOeR. 
CoKpaipeHMe  AAMxeAbMocxM  npeObiBaHMs  pacnAaea 
npM  xeMnepaxypax  cBbiaie  1000  ‘C  {npwMepHo  b  a^a 
paaa)  m  OoAee  fibicxpoe  oxAaxAeuMe  MexaAAa  BA.Mana- 
30HexeMnepaxyp  800... 500  ”C  BBABexcq  .xapaKxepHOM 
ocoOeHHOoxbto  MMnyAbCHoro  pexMMa  cBapKM.  Thkom 
xapaKxep  xepMMHecKoro  pMKAa  C<tinA  cnocoScTsyex 
cpopMMpooaHMio  aycxeHMxa  c  mbaom  naoiiiaAbio  sepeH 
M  CHMXeHMio  coAepxaHMB  saKaAO'-iHbix  cxpyioyp  na 
ynacTKe  Kpynnoro  aepna  3TB  ceapHbix  coeAHHeuMfi 
BIIHA  cxaAGM  npMMepHo  b  Asa-xpM  paaa.  UsMeHOHHB 
B  cxpyKxype  MexaAAa  ujbob  m  STB  csapHbix 
COeAMHGHMM,  BbISBaHHbSe  MMOyAbCHblM  xapaKXGpOM 
ropeHMH  CBapoHHOM  Ay™,  oKaabiBaiox  bambhhs  Ha  CAy- 
xe6Mbie  cBOMCTBa  cnapHbix  coeAMHeHMM,  ocoOenno  na 
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tatline  grains  oriented  In  a  direction  of  movement  of  the 
solidification  front  and  the  presence  of  lamination  in  the 
form  of  alternating  dark  and  light  layers.  These  struc¬ 
tures  differ  in  character  of  alternation  and  variation  in 
thickness  of  the  solidification  layers  through  thickness 
of  the  weld.  Thus,  the  primary  structure  of  the  SA  weld 
is  characterized  by  the  laminated  composition  which  is 
revealed  by  etching  mostly  in  the  weld  root  region.  Thic¬ 
kness  of  each  subsequent  layer  increases  in  the  weld 
height,  and  at  a  distance  of  1 ,5-2.0  mm  from  the  lower 
weld  edge  it  reaches  values  of  0.6-0. 7  mm,  which  is 
4. 0-4. 5  times  as  high  as  in  the  lowest  layers.  In  the 
central  part  of  the  weld  and  closer  to  its  concavity  no 
solidification  layers  were  revealed. 

A  distinctive  feature  of  the  primary  structure  of  the  PSAW 
weld  metal  is  the  presence  of  periodicity  in  the  formation 
of  the  solidification  layers,  v^hich  shows  up  first  of  ail  in 
the  formation  of  "thin”  and  "thick”  layers  through  the 
weld  thickness.  These  layers  are  0.04-0.12  and  0.15- 
0.35  mm  thick,  respectively.  The  lower  values  of  the 
above  ranges  refer  to  solidification  layers  located  near 
the  weld  root  and  higher  —  to  the  regions  located  at  a 
distance  of  4.0-4.5  mm  above  the  weld  root.  Compa¬ 
rison  of  thickness  of  layers  in  the  welds  made  by  both 
technologies  shows  that  in  the  case  of  the  pulsed  ver¬ 
sion  of  the  process  the  layers  formed  are  2. 0-2. 5  times 
thinner  than  in  the  case  of  the  SA  version. 

Differences  in  the  cliaracter  of  periodicity  of  solidifica¬ 
tion  of  the  molten  metal  affect  parameters  of  the  pro¬ 
cess  and  first  of  all  its  duration  and  the  rate  of  one  cycle. 
The  rate  of  solidification  of  the  weld  metal  for  SA  is 
5.17  mm/s  in  the  root  portion  of  the  weld  and3.13  mm/s 
in  its  upper  part.  For  the  welds  made  by  the  PSAW 
technology  this  rate  was  5.39  mm/s  in  the  weld  root 
and  5.06  mm/s  in  the  weld  top  part.  The  average  du¬ 
ration  of  solidification  of  one  layer  of  the  melt  in  the 
weld  root  part  was  1 ,36  s  for  SA  and  0,45  s  for  PSAW. 
This  parameter  determined  for  the  upper  parts  of  the 
welds  was  2.24  s  for  the  basic  technology  and  0.48  s 
for  PSAW, 

The  pulsed  heat  input  to  the  weld  pool  characteristic  of 
this  welding  method  leads  to  the  fact  that  for  the  time 
during  v/hich  in  the  case  of  the  basic  technology  only 
one  metal  layer  is  solidified,  in  the  case  of  PSAW  three 
layers  are  solidified. 

Reduction  in  time  during  which  the  metal  dwells  at  tem¬ 
peratures  above  100  ”C  approximately  two  times  and 
more  rapid  cooling  of  the  meta!  within  the  temperature 
range  of  800-600  'C  are  the  characteristic  features  of 
the  pulsed  welding  conditions.  This  character  of  the 
thermal  cycle  of  PSAW  leads  to  the  formation  of  auste¬ 
nite  with  a  small  area  of  grains  and  decrease  of  approx¬ 
imately  2-3  times  in  the  content  of  quenching  structures 
in  the  coarse  grain  region  of  the  HAZ  of  welded  joints 
in  HSLA  steels.  Changes  in  structure  of  the  weld  and 
HAZ  metal  of  the  welded  joints  caused  by  the  pulsed 
character  of  burning  of  the  welding  arc  affect  perfor¬ 
mance  of  the  v/elded  joints,  especially  their  cold  crack 
resistance.  The  PSAW  technology  allows  welding  of 
HSLAl  steels  up  to  40  mm  thick  with  a  yield  strength  of 
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HX  CTOMKOCTb  FipOTMB  06pa30BaHMa  XO/lOflHbIX  TpeiUMH. 

TexHoaornq  CODfl  nosBo/iaeT  npoM3BOflMTb  CBapxy 
BriH/l  CTaaeti  Toau^naoM  flo  40  mm  c  npeASJioM  rexy- 
MecTM  flo  520  MHa  6e3  npefleapuTGabHoro  noAorpesa, 
a  cTajieM  ToamMHoCi  ao  mm  c  rpsAe/ioM  TeKynecTu 
AO  620  Mfla  — c  npeABapMTeabHoCi  npocyaiKOM  xpoMoic 
npn  TOMnepaType  60  "C.  floAoSHoe  CHMxenne  leMne- 
parypbi  npeABapure/ibHoro  noAorpeea,  a  b  HexoTopbix 
cAyMaax  m  oTcyrcTBMe  Heo6xoAMMocTM  b  roaoShom 
TexHORornHecKoCi  onepaunn,  npuMeHMieabHO  k  naro- 
TOB/ieHMKi  KpynHora6apMTHbix  cBapMsaeMbix  kohct- 
pyKMuR  nosBoaseT  noayMMTb  3naHHTeabHyK)  aKowoMura 
sneproHocMTeaeti  m  yayBoinTb  ycaoBMS?  pa6oTbi 
ceapiAMKOB. 

PACHETHO-MHOOPMALlMOHHAn  CMCTEMA  PM” 
rHEHMHECKMX  XAPAKTEPMCTMK  CBAPOHHbIX 
A3P030/1Eii.  B.  0.  /iBMHeHKO,  O.  T.  /leBHeHKO,  B.  A. 
MeTniAU,mii,  C.  C.  Ko3nMmHa(Mn-TB/ieKrpocBapKi4  mm. 
E.  O.  RaTona,  r.  Knes,  yKpaMHaj.  Dpn  BbiOope  cucieM 
BeHTMABAMM  pa6oMero  MecTa  CBapainxa  b  npoMssoAC- 
TBeHHblX  nOMemeHMBX  M  CpeACTB  MHAHBMAya.''bHO(l  3a- 
lUMTbl  OpraHOB  AblXaHMB  Heo6xOAMMbl  ASHHbie  O  KOAM- 
MGOTBeHHOM  M  KaseCTBeHHOM  COCXaSaX  BblAeABIOlUHX- 
CB  cBapoHHbix  aspoaoAew  (CA).  KoAnnecTBO  n  cocxaB 
CA  saBMcax  ox  xexHOAoran  cBapKH  (HanaaBKM),  a  xaioxe 
oxMcnoAbsyeMbix  CBapoMHbixMaxepMaaoB.  Ecam  ysecxb, 
MXO  B  COBpeMeHHOM  CBapOBHOM  npOUSBOACXBe  MC- 

noAbsyexcB  HocxoAbKo  AecaxKOB  cnocoSoB  cBapxM  m 
HanaaBKM,  a  accopxMMOHX  cBapoAHbix  (HanAaBOHHWx) 
MaxepMaaoB  npneauxaexca  k  xbicsBe,  xo  koahhocxbo 
pa3Hoo6pa3Hbix  BapaanxoB,  Koxopue  HeoSxoAMMO 
npwHMMaxb  BO  BHMMaHMe  npn  npoeKxupoBaHHH  cmoxom 
o6ecneMeHMB  6AaronpnBXHbix  (c  rurMeHMBecKovi  xdbkm 
apeuMB)  yc.noBuCi  xpyAa  cBapiAaKOB,  secbMa  boamko. 
npn  3X0M  MHCpopMaUHB  O  COCXaBO  CA  abb  paaAUBUblX 
ycAOBMM  cBapKM  cncxoMaxusupoBaHa  neAOCxaxoBHO  m 
ocxaexcq  bo  Muorux  cAyManx  HeAocxynHoii  aab  mhxg- 
HepHo-xexHMMecKMX  pa6oxnMKOB  npGAnpMAXMi^,  aaHM- 
MaromuxcB  opraHMsaLiMeii  cBapoMHoro  npoMSBOAOxsa. 
C  peAbra  o3AopoBAeHHB  ycAOBMi^  xpyAa  n  npocpnAaK- 
XHKM  npocpeccMOHaAbHbix  3a6oAeBaHBPi  paOoBux- 
csapiAMKOB  BbinoAHOHa  pa6oxa  no  c6opy  n  cncxeMa- 
XM3auwM  MH<t)opMauMM  o  KOAMHecxBe  M  cocxaBax  CA, 
o6pa3yioa(Mxcfl  npn  npuMOHeHMH  pasAUMHwxxexHOAo- 
XMM  CBapKM  M  cBapoMHbix  MaxepnaAOB,  Ahhams  CXpyK- 
xypbi  co6paHHOM  MHtpopMaunn  noxasaA,  hxo  b  aaBucn- 
MOCXH  ox  BMAa  CBapKM  —  pyMHaB  nOKpbIXbIMM  3AeKX- 
poAaMM,  MexaHM3MpoBaBHan  b  aaiiiMXHbix  raaax  m  ca- 
MoaaunMXHan  (npoBOAOKaMM  cnAoiUHoro  ceweHMB, 
nopOUJKOBbIMM,  aKXMBMpOSaHHblMM  M  nopOIJJKOBblMM 
ABHXaMM,  HenAaBBtAMMCB  SAOKXPOAOM),  aBXOMaXMMeC- 
Kaa  noA  cpAiocoM  (nAaBACHbie  m  KepaMMBecKne  (Jiawcu 
B  KOMfiMHaUMM  C  COOXBeXCXByiOLAMMM  npOBOAOKaMM)  — 
ee  t4eAecoc6pa3Ho  oSxieAMHMXb  b  xpM  rpynnu  m  co3- 
Aaxb  Ha  3Xo(i  ochobs  Sasbi  ashhux  cBapoHHbix  aspo- 

SOAOM  (cOOXSeXCXBeHHO  AAB  SAeKXpOAOB.  CSapOHHblX 
npOBOAOK  M  (pAraCOB). 

Aab  noAAopxoHMB  6a3  AaHHbix  b  axiyaAbHOM  cocxo- 
BHMM  pa3pa6oxaH  peAaxxop  Gas  a^hhux,  noasoABio- 
lAMti  nonoAHHXb  mx  hobom  MHtpopMauMeM  M  KoppeKXM- 
poBaxb  cyLpecxByKJiAMe  AOHHbie.  C  noMouubio  peASK- 
xopa  Gas  AaiiHbix  a  naMBXb  KOMnbioxepa  bboahxcb  mh- 
(popMapMB  oG  ocoGsHHOcxax  KOHKpexHoro  bmab 
CBapKM  M  {paKxopax,  bambiou^mx  Ha  xMMMnecKMM  cocxas 
M  ypOBHM  BUAeAGHMM  CA  (KAaCC  OCHOBHOro  MexaAAa, 


up  to  520  MPa  without  preheating,  and  steels  up  to  60 
mm  thick  with  a  yield  strength  of  up  to  620  MPa  — with 
preliminary  drying  of  edges  at  a  temperature  of  60  "C. 
This  decrease  in  temperature  of  preheating  and  in  some 
cases  the  absence  of  the  need  for  this  operation  for  the 
fabrication  of  large-size  welded  structures  provide  sub¬ 
stantial  saving  of  power  supplies  and  improvement  of 
working  conditions  of  the  welders. 


INFORMATION-COMPUTATION  SYSTEM  FOR  HYGI¬ 
ENIC  CHARACTERISTICS  OF  WELDING  AEROSOLS. 

V.F.Demchenko,  O.G. Levchenko,  V.A.Metlitsky,  S.S. 

I  KozUtina  (E.O.Paton  Electric  Welding  Institute,  Kyiv,  Uk¬ 
raine).  Selection  of  systems  for  ventilation  of  work  pla¬ 
ces  of  welders  and  means  for  individual  protection  of 
j  respiratory  organs  requires  data  on  quantitative  and  qu- 
i  atitative  composition  of  welding  aerosols  (WA).  Quantity 
and  composition  of  WA  depend  upon  the  welding  (sur- 
!  facing)  technology  and  consumables.  Given  that  dozens 
of  welding  and  surfacing  methods  are  in  use  now  in  the 
welding  industry  and  that  the  range  of  welding  (surfa¬ 
cing)  consumables  is  close  to  a  thousand,  the  number 
of  variants  which  have  to  be  taken  into  account  to  design 
systems  to  ensure  favourable  (from  the  hygienic  stan- 
1  dpoint)  working  conditions  for  welders  is  enormous.  The 
!  Information  on  composition  of  WA  for  various  welding 
I  conditions  is  insufficiently  systematized  and  in  many 
I  cases  it  Is  unavailable  for  engineering-technical  staff 
j  involved  in  industrial  engineering  at  welding  facilities. 

!  The  information  on  quantity  and  composition  of  WA  for- 
i  medwith  different  welding  technologies  and  consumab- 
i  ies  was  collected  and  systematized  in  order  to  improve 
I  working  conditions  and  prevent  occupational  diseases 
of  welding  operators.  Analysis  of  structure  of  the  col¬ 
lected  information  showed  that  it  is  reasonable  to  break 
down  the  data  on  WA  of  welding  consumables  into  three 
groups,  depending  upon  the  type  of  welding  -  manual 
covered-electrode,  gas-shielded  mechanized,  self-shi¬ 
elding  (using  solid  and  fiux-cored  wires,  activated  and 
flux-cored  strips,  non-consumable  electrodes)  and  sub¬ 
merged-arc  welding  (using  fused  or  ceramic  fluxes  in 
combination  with  appropriate  wires)  —  and  then  use 
j  these  groups  to  create  the  data  bases  for  welding  aero¬ 
sols  (for  electrodes,  welding  wires  and  fluxes,  respec¬ 
tively). 

The  special  editor  was  developed  to  provide  regular 
updating  of  these  data  bases.  The  editor  makes  it  pos¬ 
sible  to  supplement  the  data  bases  with  new  information 
and  correct  the  existing  data.  It  is  used  to  enter  into  the 
I  computer  memory  the  information  on  peculiarities  of  a 
j  specific  welding  process  and  factors  affecting  chemical 
j  composition  and  levels  of  evolution  of  WA  (grade  of 
base  metal,  welding  consumable  type,  welding  para¬ 
meters,  shielding  gas  composition,  etc.),  as  well  as  the 
data  on  hygienic  properties  of  WA.  The  latter  include 
chemical  composition,  level  of  evolution  and  toxicity  of 
j  WA;  intensity  of  WA  formation,  g/min;  specific  evolution 
of  WA,  g/kg;  coefficient  of  intensity  of  WA  formation, 
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BMfl  cBapo4Horo  MarepMaBa,  pe>KMM  caapKU,  cocTae 
aaiUMTHoro  rasa  m  flp.),  a  taioxe  flaHUbie,  Kacatoinnecsi 
rurHeHMsecKnx  noKasaieaefi  CA.  K  nocjieflHMM  otho- 
cnTca  XMMMHecKMH  cocraB,  ypoBSHb  BbifleaeHMii  m  tok- 
CMMHOCTb  CA;  HHTeHCMBHOcTb  o6pa30BaHHR  CA,  t/mhh; 
yneabHoe  BwnejieHne  CA,  r/xr;  KoscJjcfnuneHT  HHTeH- 
CMBHOCTM  06pa30BaHHB  CA,  r/xST-H;  X03Ct)<})MqMeHT 
yfle;ibHoro  Bbifle/ieHMB  CA,  r/xBr-xr;  coflepxaHne  kom- 
noHGHTa  B  cocTaBe  CA,  %  no  Macce;  HHTeHcuBHOCTb 
o6pa30BaHMB  xoMnoHeHTa  CA,  t/mhh;  yAsabHoe  sbiAe- 
AGHne  xoMnoHeHTa  CA,  r/xr;  xo3c|3cj)MUMeHT  nHTeHOUB- 
HOCTM  o6pa30BaHMB  xoMnoHeHTa  CA,  r/xBT-4;  xo3ct)(})M- 
UMeHTyAeabHoro  BbiAe-fieHan  KOMnoHeHxa  CA,  r/xB-^xr; 
BOSAyxooSMeH  o6iiieo6MeHHOM  BeHTmiauuM,  m  /xr 
(corAacHO  OTe>-iecT|8HHoii  MexoAuxe);  HHTeHcusHocTb 
B03Ayxoo6MeHa,  m /m  (no  MexAVnapoAHOM  MeioAuxe). 
ripw  pa6oTe  MHtt^opMaunoHHo-pacweTHOM  noAci/ioTeMhi 
4)opMMpyeTCB  aanpoc  x  Sase  AawHbix,  Ha  ochobb  ko- 
Toporo  noAbSOBaTeAh  noAynaeT  MCHepnbiBatomyio  hh- 
<})opMaumo  o  rMrueHMMecxHx  xapaxiepMCTHKax  CBa- 
poHHbix  MaTepnanoB  b  aasMCHMocTM  oTycAOBMH  csap- 
XH,  a  Taxxe  pexoMeHAauHM  no  cpeACTsaM  MecTHoii 
BeHTMABI4MM  H  MHAUBMAyaAbHOM  SaiUHTbl  OpraHOB  Abl- 
xaHHB  cBapAiMxoB,  PexoMeHAauHM  pa3pa6oTaHbi  hh 
ocHOBs  npeAAOxeHHoOi  b  M3C  mm.  E,  O.  naroHa  rarM- 
eHMHeCKOM  M  XMMM'iecXOM  XAaOCM(t)MXaU,MM  CA  M  cno- 
C060B  CBapxM,  npM  xoTopbix  ohm  o6pa3yx5TCB. 

PA3PABOTKA  TEPMOCTOMKMX  nOKPbrTMM  ^051 
nPEAOTBPAlUEHMfl  3ABPbl3rMBAHMS!  COn/I 
nPM  CBAPKE  B  yrJIEKMCflOM  rA3E.  B.  B.  /iMMTpMK, 
A.  H.  nameHKO  (VKp.  HHX.-neA-  aKaa.,  r.  XaptKOB,  Yk- 
panHa).  ripM  cBapxe  b  yrAexMCAOM  rase  M3-3a  MHxeH- 
cMBHoro  paaSpbiarMBaHMB  m  HaAMnaHMH  6pbi3r  pacn- 
AaBAGHHoro  MeraAAa  Ha  pa6oHMe  ynacTXM  nosepxHoc- 
TM  COnA  M  TOXOnOABOABlMHX  MyHAUJTyXOB  yMeHblljaeTCfl 
pecypc  MX  McnoAhsoBaHMA,  cHMxaercA  cxadMAbHOCTb 
npoAGCca,  noBBAAioTCA  Ae(}iexTbi  b  HanAaeASHHOM  mg- 
TaAAe. 

Ana  npeAOTBpaineHMB  3a6pbi3rMBaHMR  npeqAoxMAM 
McnoAbsoBaTb  conAa  m  roxonoABOAHiAMe  MyHAHJxyxM  c 
repMOCTOMXMMM  noXpblTMBMM,  HaHOCMMblMM  Ha  MX  pa- 
6oMMe  nosepxHOCTM.  MexaAAbi  m  cnAaebi,  npeAnaana- 
HOHHbie  AAA  HaHOCeHMA  nOxpbITMM,  AOaXHbl  6blTb  no- 
BbllLieHHOti  HMCTOTbl.  MX  HOAyHaAM  OyTSM  3neXTp0HH0- 
AyyeBoro  nepenAasa.  Pa3pa6oTaHa  Hosan  TexHonorMA 
HaHeceHMA  TepMocTOMXMX  noxpbtTMM  Ha  pa6oHMe  no- 
BepXHOCTM  COnA  M  TOKOnOABOAAUJlMX  MyHAIATyXOB,  p©- 
aAMsyoMaA  Ha  yoraHOBxax  TMna  <<ByAaT».  CxpoeHMo 
noxpbiTMM  cpopMMposaAM  nyieM  MSMeneHMA  snepri/iM 
MOHHOro  OCaXAOHMA  npM  COOTBeTCTByraiACM  MCnOAb- 
aOBHHMM  MeXaAAOB  M  CnAaBOB.  TepMOCXOMKMe  noxpbl- 
XMA  MMBAM  oepeMeHHbiM  XMMMMecKMM  cocxaB  MHrpeAM- 
enxoB,  xoxopbie  noAfiMpaAM  no  cooxBsxcxByxAneM  cxe- 
nsHM  xorepeHXHocxM  mx  cxpyxxyp  m  oSpaayiouAMxcA  oc- 
xaxoHHbix  HanpAxeHMM.  B  cocxae  noxpwxMti  pasAMHHbix 
XOMPOSMUMfl  BXOAMAM  HMXpMAbI  XMXaHa  M  UMpXOHMA,  3 
xaxxe  xap6MAbi  m  okcmaw  xyronAaexMX  moxbaaob  (hm- 
o6ma,  xpoMa,  M0AM6AeHa,  B0Ab4)paMa,  XMxana  m  Bana- 
AMa).  CxpoeHMe  nepBoro  nepexoAHoro  caoa  noxpbiXMA, 
xapaxiepMsyioiuerocA  bbicoxom  cxeneHbX)  aAresMM  x 
noAAoxxe  (pa6oMaA  noBepxHocxb),  cjjopMMpoBaAW  npM 
noBbiLueHHbix  3HaHeHMAx  sHeprMM  ocaxcASHMA.  Ero 
cxpyxxypy,  na  Hauj  BsrAAA,  moxho  xAaccMcfiMUMpoBaxb 
xaxxBepAbiM  pacxBop  BHeApeHMA.  riocAeAyxAMMecAOM 
ct)opMMpoBaAM  Ha  xex  sHaneHMAX  SHeprMM  ocaxASHMA, 


g/kW  h;  coefficient  of  specific  evolution  of  WA  compo¬ 
nent,  g/kW  kg;  air  exchange  provided  by  general  ven¬ 
tilation  by  dilution,  m^/kg  (according  to  national  stand¬ 
ards);  intensity  of  air  exchange,  m /h  (according  to  in¬ 
ternational  standards). 

The  information-computation  subsystem  generates  an 
inquiry  to  the  data  base,  on  the  basis  of  which  a  user 
obtains  the  comprehensive  information  on  hygienic 
characteristics  of  welding  consumables  depending 
upon  the  welding  conditions,  as  well  as  recommenda¬ 
tions  for  means  of  local  ventilation  and  individual  pro¬ 
tection  of  respiratory  organs  of  welders.  The  recom¬ 
mendations  are  based  on  hygienic  and  chemical  clas¬ 
sification  of  WA  and  v/elding  processes  in  which  they 
are  formed,  which  was  developed  by  the  E.O.Paton 
Electric  Welding  Institute. 


DEVELOPMENT  OF  HEAT-RESISTANT  COATINGS 
FOR  PREVENTION  OF  CONTAMINATION  OF  NOZ¬ 
ZLES  WITH  SPATTERS  FORMED  IN  CO^  WELDING. 

V.V.Dmitrik,  A.N.Pashchenko  (Ukrainian  Engineering- 
Pedagogicai  Academy,  Kharkiv,  Ukraine).  CO^  welding 
causes  intensive  spattering  and  adhesion  of  molten 
metal  spatters  to  working  surfaces  of  nozzles  and  cur¬ 
rent-conducting  torches,  which  leads  to  reduction  of 
their  service  life,  decrease  in  the  process  stability  and 
formation  of  defects  in  deposited  metal, 

To  prevent  spattering,  it  was  suggested  that  heat-re¬ 
sistant  coatings  should  be  applied  to  working  surfaces 
of  nozzles  and  current-conducting  torches.  Metals  and 
alloys  intended  for  application  of  the  coatings  should 
be  of  increased  purity,  Such  materials  were  produced 
by  electron  beam  remelting.  The  new  technology  rea¬ 
lized  using  the  "Bulat”  type  machines  was  developed 
for  application  of  heat-resistant  coatings  to  working  sur¬ 
faces  of  nozzles  and  current-conducting  torches.  The 
required  structure  of  the  coatings  was  provided  by  chan¬ 
ging  the  energy  of  ion  deposition  and  using  the  approp¬ 
riate  metals  and  alloys.  The  heat-resistant  coatings  had 
a  variable  chemical  composition  of  ingredients,  which 
were  selected  on  the  basis  of  the  required  coherency 
of  their  structures  and  residual  stresses  formed.  The 
coatings  contained  titanium  and  zirconium  nitrides,  as 
well  as  carbides  and  oxides  of  refractory  metals  (niobi¬ 
um,  chromium,  molybdenum,  tungsten,  titanium  and  va¬ 
nadium).  The  required  structure  of  the  first  transition 
layer  characterized  by  a  high  degree  of  adhesion  to  the 
substrate  (working  surface)  was  formed  at  Increased 
values  of  the  deposition  energy.  In  our  opinion,  this 
structure  can  be  classed  as  interstitial  solid  solution. 
Subsequent  layers  were  formed  at  such  deposition 
energy  value.?,  which  provided  coherency  of  the  struc¬ 
tures,  minimum  possible  phase  stresses  and  gradients 
of  linear  expansion.  The  final  layer  was  characterized 
by  the  highest  heat  resistance  and  strength,  as  com- 
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KOTopbie  oSecneHUBann  KorepeHTHOcTb  crpyicryp,  Hann- 
Mne  B03Mo>KHo  MeHbiuMx  (pasoBbix  HanpBxeHWki  M  rpa- 
flueHTOB  JiMHeMHoro  pacuiMpeHMsi.  SaBepiuaioLMMCi  caoJi 
xapaKTepMaoBaaca  Hanfio/ibiunMH,  no  cpasHeHUio  c  npe- 

flblflymMMU,  TepMOCTOMKOCTblO  M  npOMHOCTblO.  VCTaHOB- 
jieHO,  MTo  onTMMa/ibHofi  fiBJifleTC5i  cywMapHaB  TonmuHa 
noKpbiTuPi  —  20... 30  mkm.  Pa6oMaB  TepwocTofiKocTb 
noKpbiTuti  cocTaBaa/ia  800...  1800  'C.  OTMeBa/in  6nv\z- 

KyK)  K/lMHefiHOfi  3aBMCMM0CTbMe)Kfly  UJepOXOBaTOCTblO 

noftnoxKM  n  ee  3a6pbi3rMBaHMeM.  napaweipbi  luepo- 
xoBaTOCTM  noflJioxcKM  ueaecooOpasHO  BbiSupaib  bo3- 
MOXHO  MeHbiuMMM,  HappMMep  B  MHTepBaaB  = 
0,50. ..3, 10  MKM.  riOBepXHOCTb  HaHOCUMblX  nOKpbITMM 
noBTopBej  luepoxoBaTocTb  noBepxHocTu  noA/io>KKw  h 
MMeeT  aepKaPbHbiti  6pecK. 

npeflaaraeMbie  TepMocTowKne  noKpbiTMS  4eaecoo6- 
pasHO  npuMeHBTb  b  cocTase  coneji  TOKonoAsoflqiunx 
MyHflUJTyKOB  ropeaoK  asTOMaTOB,  a  TaxjKe  noayaBTo- 
MaTOB  i\nvi  CBapKH  b  yr/iexucaoM  rase,  mto  nosBoanT 
nOBWCMTb  CTa6MBbHOCTb  fipopeCCa,  yMeHblilMTb  Bepo- 
BTHOCTb  noBBJieHMB  flect)eKTOB  B  Han/iaBneHHOM  MeTaa- 
ne  M  yBe/iuMMTb  pecypo  nonoBbSOBaHMB  caMMX  conen 

M  TOKOnoflBOflBmUX  MyHALUTyKOB. 

TEXHOJlOrUHECKME  ACnEKTbl  BbIBOPA  CEH- 
COPHOii  CMCTEMb!  PTK  HPM  CBAPKE  CYflOBblX 
KOHCTPyKUMM.  C.  B.  flparsH,  E.  PaBpuJieHKO  (Vr- 
MTV,  r.  HmonaeB,  VKpanHa),  tO.  B.  CononmeHKo  (OAO 
«OKean»,  r.  HmonaeB,  yKpama).  KaqecTBo  naroTOB- 
/leHMB  CyflOBbIX  KOHCTpyKUMM  Ha  ypOBHG  Tpe6oBaHHM 
MexcflyHapoAHbix  x/iaccncpHKamioHHbix  oOaiecTB  floc- 
TMraeTCB  tiyreM  npMMeHeHMa  cepTMtpdUHpoBaHHbix 
CBapoHHbix  MarepnaaoB,  o6opyflOBaHMH  m  acpctieKTMB- 
HOM  OpraHM3aUMM  npOMSBOACTBa. 

MnpoBoCi  onbiT  cyAOCTpoeHMB  noxasaA,  bto  hboOxo- 
AMMOe  KaMeCTBO  COeAHHeHMM  B  COMeraHHH  c  bhcokom 
npoHSBOAHTeabHOCTbK)  npoAeccoB  o6ecneMHBaeTCB 
npH  BbinOJIHeHMM  CBapXM  KOpnyCHblX  KOHCTpyKUMM  po- 
6oTM3MpoBaHHbiM  cnocoOoM.  OAHaKo  npM  HsroTOB- 
jieHMM  c  ncnoBbsoBaHMeM  PTK  KpynHbix  cexquM  {Mac- 
coii  AO  200  t)  6ojiee  50  %  cBapHbix  ujbob  npaxoAMTCB 
BbinoBHqTb  c  McnoBb30BaHMeM  PTK  e  noaoxeHMBX,  ot- 

BMMHblX  OT  HM>KHero.  Bbl6op  CBHCOpHOH  CHCTeMbI  HaBB- 
AenMB  rope/iKH  Ha  jihhhio  ceapKH  b  3tom  cayBae  onpe- 
AsaaeTcq  TOMHOCTbw  cSopKii  cexpHH,  oooOeuHo  eepTH- 
KanbHbix  raspoBbix  coeAMHeHMfi  paMHoro  naOopa. 
MccAeAOBaHHG  TexHoaorHM  cQopoBHUx  paooT  npH  H3- 
roTOBaeHMH  xpyriHbix  KopnycHbix  cGKUMfi  na  cyAocxpo- 
MTGAbHbix  aaBOAax  lora  VKpaHHbi  noKaaaa,  HTOTOBiiocTb 
cCopKH  yAOBaeTBopqer  Tpe6oBaHMqM  icnacon(f>MKa- 
AHOHHblX  oOlUeCTB  PpH  BbinoBHeHMM  CBapKM  MexaHH- 
anposaHHbiM  cnoco6oM.  PIpnMeHeHHe  asTOMaTHMec- 
Koil  nan  po6oTH3MpoBaHHoi1  cBapKM  TpeSyeT  y>KecTo- 
MeHWB  3TMX  TpeOOBaHMM  m6o  MCnoabSOBaHMB  StpCpeK- 
TMBHbix  ceHcopHbix  CHCTGM.  flepecMOTp  TpeSoBanMM  K 
T04HOCTM  cOopKM  CBBsaH  c  cyiuecTBeHHbiM  yAopoxca- 
HHGM  TexHoaorMM,  n03T0My  Ooaee  pamionaabHO  npn- 
MeneHne  cooTBeicTByioiAnx  ceacopoB  PTK. 
ycTaHOBaeno,  mto  npH  cSopxe  paMHoro  Ha6opa  bwco- 
Tofi  AO  2  M  c  noaoTHOM  ceKUHH  B  BepTMKaabHbix  TaB- 
poBbix  coeAHHGHMqx  MMeeT  MecTO  CMemeHMe  amhmm 
conpBxeHMqoTTeopeTMHecKOM  b  npeAeaax  10...  20  mm, 
a  cSopoMHhie  aaaopbi  npeBbiiuaioT  AonycTMMbie  abb 
AaHHoii  pacBexHOM  xoaiUMHbi  yraoBoro  liisa.  KaBecT- 
BBHHoe  cBapHoe  coeAMneHMe  b  xaKMX  ycaoBMBX  Moxex 
6biTb  noayBeHo  po6oTM3MpoBaHHbiM  cnoco6oM  nyreM 
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pared  with  preceding  layers.  The  optimal  total  thickness 
of  a  coating  was  established  to  be  20-30  pm.  Operating 
heat  resistance  of  the  coatings  was  800-1800  ‘C.  Re¬ 
lationship  between  roughness  of  the  substrate  and  its 
contamination  with  spatters  was  close  to  linear.  The 
substrate  roughness  parameters  should  be  kept  at  mi¬ 
nimum,  for  example,  in  a  range  of  =  0.50-3.10  pm. 
Surface  of  the  deposited  coatings  copies  that  of  the 
substrate  and  has  a  mirror  lustre. 

It  is  advisable  to  apply  the  suggested  heat-resistant 
coalings  to  the  nozzles  and  current-conducting  torches 
of  automatic  and  semi-automatic  CO2  welding  devices, 
as  this  will  reduce  the  probability  of  formation  of  defects 
in  deposited  metal  and  extend  service  life  of  the  nozzles 
and  current-conducting  torches. 


TECHNOLOGICAL  ASPECTS  OF  SELECTION  OF  A 
SENSOR  SYSTEM  FOR  ROBOTIC  HARDWARE  USED 
FOR  WELDING  SHIP  STRUCTURES.  S.V.Dragan, 
E.D.Gavrilenko  (UGMTU,  Mykolaiv,  Ukraine),  Yu.V.So- 
lonichenko  (Stock-Holding  Company  "OKEAN",  Myko¬ 
laiv,  Ukraine).  The  required  quality  of  fabrication  of  ship 
structures  at  a  ievel  of  requirements  of  international 
classification  societies  is  achieved  by  using  certified  ma¬ 
terials  and  equipment,  as  well  as  efficient  industrial  en¬ 
gineering  methods. 

As  shown  by  the  world  experience  of  ship  building,  the 
required  quality  of  joints  combined  with  a  high  capacity 
of  processes  involved  is  ensured  in  the  case  of  welding 
ship  structures  by  the  robotic  method.  However,  in  the 
manufacture  of  large  sections  (up  200 1  in  weight)  using 
robotic  hardware  (RH)  more  than  50  %  of  welds  are 
made  with  RH  in  a  position  other  than  the  flat  one.  Se¬ 
lection  of  the  sensor  system  for  guiding  the  arc  torch 
to  the  welding  line  in  this  case  is  based  on  the  accuracy 
of  assembly  of  a  section,  especially  of  vertical  T-joints 
in  framing. 

Investigations  of  the  a.ssembly  technology  used  to  make 
large  hull  sections  at  ship  yards  in  the  south  of  Ukraine 
show  that  the  accu  racy  of  assem  bly  m  eets  req  ui  rements 
of  the  classification  societies  for  the  case  of  mechanized 
welding.  For  automatic  or  robotic  welding  it  is  necessary 
to  use  either  more  stringent  requirements  or  more  ef¬ 
ficient  sensor  systems.  Revision  of  requirements  for  the 
accuracy  of  assembly  is  associated  with  a  substantial 
rise  in  the  technology  costs.  In  this  connection,  the  use 
of  the  appropriate  RH  sensors  seems  more  reasonable. 
It  was  found  that  in  assembly  of  framing  up  to  2  m  high 
with  a  section  the  actual  mating  line  in  vertical  T-joints 
might  deviate  from  the  theoretical  one  within  a  range 
of  10-20  mm  and  that  the  assembly  gaps  might  be  in 
excess  of  those  tolerated  for  a  given  calculated  thick¬ 
ness  of  a  fillet  weld.  The  quality  welded  joint  can  be 
produced  under  such  conditions  by  the  robotic  method 
through  combining  the  spatial  transfer  of  programmed 
trajectories  using  the  electric  contact  sensors  and  the 
real-time  search  by  the  welding  arc.  In  this  case  thin 
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KOMdunauuM  npocTpaHCTBenHoro  nepenoca  nporpaw- 
MMpySMblX  TpaGKTOpHW  S/ieKTpOKOHTaKTHblMH  CGHCO- 
pawM  M  TeKymero  noncKa  tusa  ceapoMHop!  flyroii.  B  Ka- 
MeCTBG  CBapOMHbIX  MaTepMa/lOB  MOXHO  HCn0Jlb30Ba7b 
TOHKHonopoLUKOBbie  pyrnaoBbie  npoBo/ioKH  caau^MToPi 
30Hb!  CBapKM  yr/ieKMCJibiM  raaoM. 

B  TaspoBbix  coeflMHeHHBx,  b  Meciax  npuTUKaHUH  paM- 
Horo  Ha6opa  k  n/iocKoPi  oeujMBKe  ceKLiHPi,  cMetneHMe 
JIMHUM  conpflxeHMB  9/ieMeHTOB  He  npesbiuJaeT  3  wm; 
pasMepbi  c6opoHHbtx  aasopoB  Taioxe  cooTBeTCTeytoT 
TpeSoBaHMnM  HOpwaTUBHblX  (ClOXyMGHTOE).  Po6oTH3M- 
poBaHnas  cBapKaTaxMX  coeflUHeHufi  o6ecneBMBaeTCB 
npH  npocTpaHCTBSHHOM  nepeHoce  cBapoHHUx  npor- 
paMM  3JIGKTp0K0H~aKTHb!MH  CeUCOpaMH  6e3  HOHonb- 
30BaHMn  TeKymeH  aflaPTauMM.  CBapoHHWMH  Marepiia- 
paMM  npH  3T0M  c/iyxcaT  npoBO/ioKH  cn.noujHoro  ceMenHa 
B  COBexaHHH  C  3aLU,PTHblM  faSOM  COj  H/IM  raaOBOM 
CMecbio  (18  %  COj  +  32  %  Ar),  a  raxxe  nopoiuxoBUe 
pyrnBOBbie  npoBo/ioxw  c  3auj,MTHOH  cpenovi  CO2. 
AnpoSapMB  TexHo/iorwH  csapKH  c  npHMSHeHneM  PTK 
Ha  6336  poSoTa  LIMAT  RT-260,  BbinonHenHaa  Ha  cy- 
flocTpoMTe/ibHOM  saBOfle  «OKeaH>'  npii  HsroTOBJieHvm 
flHHUieBblX  CeKLiHH  KpyPHOTOHHaXHblX  6aPKepoB,  riOKa- 
3ajia  ee  flOCTaiOBHyiO  3<t>4)eKTHBHOCTb  M  B03MO)KHOCTb 
HCnOBbSOBaHHB  Ha  CyflOCTpOHTePhHbIX  npeflnpMBTHBX 
yxpaHHbl, 

BblCOKOTEMHEPATyPHOE  YnPOSHEHME  M  PA- 
aynPOHHEHME  METAfl/lOB  M  Cn/IABOB-  M.  Jl. 

XaflKeam  (I/Ih-t  sjieKrpocBapm  vim.  E.  O.  RaroHa, 
r.KmB,  VKpaviHa).  Ha  npoMHOcTb  h  pecypc  pa6oTbi 
cBapHbix  coeflMHeHMO  m  kohctpvkphh  6ojibU.ioe  bjimb- 
Hwe  oxaabiBaeT  xaHscTBo  HcxoflHoro  Mexaii/ionpoKaia, 
nojiyMaeMoro  o6pa6oxKOM  flaspeHMSM.  Cymecxeyio- 
mne  cxaHflapxbi  npeflycMaxpHsarax  b  ochobhom  xohx- 
poBb  XHMMHecKoro  cocxasa  h  MexaHimecKiix  cbohcxb 
.Mexanna.  flpMHeM  yposeHb  noc/ieAHMx,  xax  npaBM/10, 
MHHMWa/lbHblH,  HOCKOXIbKy  paCCMHXaH  HR  KpyPHoce- 
pMMHOs  npon3BOflcxBO  Mexa/i/ionpoxaxa  npw  hhskhx 
xeMnepaxypHbix  pexMMax  flect)opMaunn, 
3KcnepMMeHxaBbHbie  HccjiefloeaHHB  BbiooKoxeMnepa- 
xypHoro  ynpoHHeHMB  m  pasynpoHHeHHB  MexaaxioB  m 
cnaaBOB,  a  xaxxce  MaxeMaxMMecxoe  MOflejinpoBaHH6 
3XHX  npoueccoB  m  xexHO/iorMvi  o6pa6oxKM  wexa/iaoE 
flaBBGHneM  nosBOBBtox  nojiynaxb  BbicoKne  3HaMeHHB 
npoHHOcxHhix  M  nBacxMHeoKHX  xapaxxepHcxHK  MexajiBa 
noByct)a6pMKaxa,  Hec6xoflHMyKD  abb  AaBbHGMUjefi 
CBapxM  cxpyxxypy  h  npH  sxom  secxM  npou,eccbi  o6pa' 
60XKM  Aas^eHneM  c  bwcokhm  ckopocxhmh  Aeit)opwn- 
pOBaHMB. 

PeoBOXHHecKoe  noeeAenne  MexaBBa  npw  pasBHMHUx 
ycBOBMBx  AecpopManMM,  xapaKxepiisyiomeecq  conpo- 
XMBBeHHeW  Ae(1)OpMaiJ,MH,  BBBBeXCB  XBaBHblM  0aKXO- 
poM  npM  onpeAeBeHMH  xeMnepaxypHo-CKopocxHbix  m 
CMBOBbix  ycBOBHH  npouecca.  ConpoxnBBeHne  Ascjiop- 
wauHM  MexaBBa  xax  MHxeHCMBHocxb  HanpBJKeHHt^,  aoc- 
xaxoHHbix  abb  ocya^ecxBBeH^1B  nBacxM'iecKOH  pecpop- 
MaUMM,  SaBMCMX  HBXOBbKO  OX  MHOfMX  CBOMCXB  CaWOFO 
MexaBBa,  ho  h  ox  ycBoenPi  Ae4>opMauHH,  xeMoepaxy- 
pbi,  CKopocxH  M  cxeneHM  Ae(t)opMaAHM,  KouxaKXHoro 
xpeHHB,  ynpoHHeHMB  m  paaynpoHHeHHB  MexaBBa  b  npo- 
uecceero  AecfiopMHpoBaHHB,  npoAOBXHxe/ibHocxH  na- 
y3bi  MexAy  UHXJiaMH  Aect)opMMpoBaHHB,  oXBaxcAeHHB 
MexaBBa  m  x,  n.  Ochobhum  cnoco6oM  HayneHHB  3xnx 
npoLieccoB  BBBBexcB  anaBHB  bbhbhmb  nBacxMHecxofi 
AecbopMauMH  Ha  MOMeHeHne  cxpyxxypbi  h  cbomcxb  Ma- 


rutile  wires  and  CO2  used  as  the  shielding  gas  can  be 
utilized  as  the  welding  consumables. 

In  r-joints,  at  locations  where  the  framing  adjoins  the 
flat  skin  of  the  sections,  deviation  of  the  mating  line  is 
not  in  excess  of  3  mm;  sizes  of  the  assembly  gaps  also 
correspond  to  those  specified  in  the  regulatory  docu¬ 
ments.  Robotic  welding  of  such  joints  is  provided  by 
spatial  transfer  of  welding  programs  with  the  electric 
contact  sensors  using  no  real-time  adaptation.  Welding 
consumables  in  this  case  are  solid  wires  combined  with 
CO2  or  a  gas  mixture  of  18  %  CO2  -I-  82  %  Ar  used  as 
the  shieldirff  gas,  as  well  as  flux-cored  rutile  wire  with 
COg  shielding. 

The  welding  technology  involving  RH  based  on  the 
"LIMAT  RT-260"  robot  was  tested  at  the  "OKEAN"  ship 
yards  for  the  manufacture  of  bottom  sections  of  hlgh- 
tonnage  bulker  vessels.  The  tests  proved  sufficient  ef¬ 
ficiency  of  the  technology  and  its  applicability  for  the 
!  ship  yards  of  Ukraine. 


HIGH-TEMPERATURE  HARDENING  AND  WEAKE¬ 
NING  OF  METALS  AND  ALLOYS.  M.L.Zhadkevich 
(E.O.Paton  Electric  Welding  Institute,  Kyiv,  Ukraine). 
Strength  and  service  life  of  welded  joints  and  structures 
are  greatly  affected  by  the  quality  of  initial  metal  rolled 
stock  produced  by  pressure  treatment.  The  standards 
in  force  provide  mostly  for  inspection  of  chemical  com¬ 
position  and  mechanical  properties  of  metal.  As  a  rule, 
the  level  of  the  latter  is  minimal,  as  it  is  intended  for  low 
deformation  conditions  practiced  in  mass  production  of 
rolled  metal  products. 

Experimental  studies  of  high-temperature  hardening 
and  weakening  of  metals  and  alloys,  as  well  as  mathe¬ 
matical  modelling  of  these  processes  and  technologies 
for  pressure  treatment  of  metals  make  it  possible  to 
provide  high  values  of  strength  and  ductile  charac¬ 
teristics  of  metal  of  semi  -finished  products  and  a  struc¬ 
ture  required  forsubsequent  welding,  as  well  as  perform 
the  pressure  treatment  processes  at  high  deformation 
rates. 

Rheological  behaviour  of  metal  under  different  defor¬ 
mation  conditions,  v/hich  is  characterized  by  its  defor¬ 
mation  resistance,  is  the  main'  factor  determining  the 
temperature-rate  and  loading  conditions  of  the  process. 
The  deformation  resistance  of  metal,  in  terms  of  the 
intensity  of  stresses  sufficient  for  plastic  deformation  to 
occur,  depends  not  only  upon  many  properties  of  the 
metal  proper,  but  also  upon  the  deformation  conditions, 
temperature,  rate  and  degree  of  deformation,  contact 
friction,  hardening  and  weakening  of  metal  during  the 
process  of  its  deformation,  duration  of  pauses  between 
the  deformation  cycles,  cooling,  etc.  The  main  method 
used  to  study  these  processes  is  analysis  of  the  effect 
of  pla.stic  deformation  on  variations  in  structure  and  pro¬ 
perties  of  the  material  and  identification  of  regularities 
associated  with  the  metal  form  changing.  The  hot  de¬ 
formation  process  is  described  by  the  flow  curves  (de¬ 
formation  diagrams),  which  are  used  as  the  basis  for 
construction  of  different  models  of  plastic  deformation. 
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lepMa/ia,  a  jaiOKe  onpefle/ieuHe  saKoHOMepHocTefi,  ! 
csfiaaHHbix  c  ct)opMOnaMeHeHM0M  weTafiaa.  npouecc  j 
ropfiMeJ^  fle!t)opMaL(nn  MaTepMaaa  onucwBaoTcq  xpn-  ■ 
BbiMn  TeKy'iecTU  (flHarpawMbi  fle4)opMamiM),  KOTopwe 
PBaniOTCB  ocHOBOM  nocTpoeHUB  paajiMMHbix  Mofle/iefi 
npacTM'-iecKOM  fletJJopMauMw.  B  HacToaiuee  epewa  Ha- 
Konnen  6ojibiiioii  Marepnaji  no  conpoTuaneHUK)  fle- 
cpopMaLtMH  MeTcUiaoB  M  cn/iaBOB,  nonyaeHHbm  moto- 
flOM  D/iacTOMeTpMMBCKMX  Mcc_neAoi3anMM  na  KyaaaKo- 
Bbix  M  TopcnoHHbix  nnacTOMerpax.  3tot  MexoA  nosBo- 
APBT  c  6oAbUjeii  ToanocTbKD  MOAennpoBaib  pasBUTue 
AecfjopMauMOHHoro  ynpoHHeHna  n  AHHaMMMecKoro  pa- 
aynpoMHeHviB,  a  ratoxe  pasAMBHbie  aaKonbi  pasBUTna 
Ae4)0pMai4MM  (ApoSnan,  MOHOTonHasi,  cTyneHHaTan,  c 
yneTOM  oxAax<ABHi/iB  MexanAa  n  x.  n.).  ConpoxuBAeHne 
AecfiopMannM  MccABAOBa/iocb  Ha  cxaxMS  h  pacxBxe- 
HUe  AflSI  SoAhIJJOll  HOMeHKAaxypbl  MSXaAAOB  M  CHAaBOB 
npH  paaAMHHbix  xeMnepaxypHO-cxopooxiibix  ycAOBiiqx 
AecJ^opMauMH  cyyexowi  ynpoHHeHiiq  (paaynpoMHeHMq). 
Do  peayAbxaxaM  nAacxoMexpMMecxMX  Mc.cAeAOEaHUM 
BbinoAnena  iviaxeMaxMHecKaq  oSpadoxxa  noAy-toHHbix 
AAHHblX  M  noCXpOSHbl  SanUCMMOCXM  COnpOXMBAGHHfl 
AettopMauMM  oxxeMneparypHO-cKopocxHbixcpaKXopoB 
ncnbixaHuCi  d  DHAe  Kpnsbix  Aec^opMaunoHUoro  ynpoM- 
HeuMfl,  axaxxe  AHHawHHecKoro  m  cxaxusecKoro  paayn- 
pOMHeHMA. 

PeayAbxaxbi  nAacxowexpMHecKHX  uccAeAOBaHmi  oxk- 
pblAM  B03M0XH0CXb  A/13  COSAaHMA  c})M3MKO-MaxeMaXH- 
HecKHX  MOAeAefi  xeneHMA  MaxepMaAOB  npn  mx  Aecfiop- 
MauMM,  no3BOAMAH  npoPHoanponaxb  c  Aocxaxo^Hoti 
xoHHOcxbK)  MexauMHecKne  cBoiicxsa  vt  cxpyKxypy  a®-  i 
cpopMMpoBaHHoro  MaxepnaAa,  mxo  MMeex  6oAbtuoe 
3HaMGHMe  npH  Mcnonb30Bai>nn  MexanAonpoxaxa  a^!^ 
coaAaHMA  paaAUMHbix  caapHbix  coeAWKenHH  n  kohc- 
XpyKAMH. 

CTPOMTEnbCTBO  nPOMbICJlOBbIX  TPYBOnPO- 
BOflOBMSBMnJlACTMACCOBblXTPyB.  K.  H.  3aPf- 
UBB  (AO  «BHMMCT»,  r.  MocKsa,  P<T>}.  SKcnAyaxauMA  m 
ocBoeHne  HODbix  MecxopoxAsuMM  HecfiXM  h  rasa,  co- 
AepxaiUMX  arpGCcwBHbie  cocxaBAqioiij,HG  (cepoBOAO' 
poA.  yrAeKMOAory)  conpnxeHbi  c  BoapaoxaraiuHMM  or- 
xaaaMH  cxaAbHbix  xpyfionpoBOAOB  BCAeAcxBiiG  mx  no- 
paxeHMA  BHyxpeHHMMM  TpeiAMHaMM.  npeAnpiiHMMae- 
Mbie  Mepbi  aaLAMXbi  ox  Koppoann  {MHrM6Mpo8aHMe, 
CHMxeHMe  AaBAeHMCi,  noxpbiXMA)  xoxA  m  cnuxarax,  ho 
He  McxmoHaiox  BepoAXuocxM  aBapMM.  j 

BoAbiiJMM  nporpeccoM  b  o6AacTM  3aQ;MXbi  npoMbicAo-  ! 
Bbix  Tpy6onpOBOAOB  ox  KOppOSHH  flBABeTCB  npMMeHe-  I 
HMGxpy6  M3  nAacTMacc  (noAMOXMASHa,  noAMnponMAe-  | 
Ha,  nOAMDMHMAXAOpMAS  M  AP  )-  OAHaKO  xpy6bl  M3  mo-  i 
HonoAMMepoB  He  Moryx  BocnpMHMMaxb  AaRAeuMB  cbbi-  j 
Lue  1,0. ..1,2  Mfla,  b  xo  epeMA  Kax  AasASHMe  Ha  i 
CKsaxcMHax  m  aiAeMtpax  raaonpoMbioAOB  AocTMraex 
4...10Mna. 

B  MMpoBOM  npaxxMKe  axa  npoSaeMa  peiuaexcA  hgc- 
KOAbKMMM  nyXAMM.  HanpMMGp,  AHA  nOBbllltGHMA  npoA- 
HOCXM  xpy6  M3  XepMORAaCXOB  npOMSBOAMXCA  MX  apMM- 
pOBXa  CXaAbHOM  CGXKOM,  BOAOKHMCTbIMM,  CMHXeXMAec- 
KMMM  MAM  HaxypaAbHblMM  MaXGpMaAaMM,  MexaAAMAGO- 
KOM  AGHXOM  MAM  COAGTaHMeM  nepGAMCAeHHblX 
MHt'peAMeHxoB. 

BblAM  npeAnpMHAXbl  MHOrOMMCAGHHbie  nonbIXKM  MC-  j 
noAbsoaaxb  aaa  raaonpoBOAOB  xpy6bi  M3  cxeKAonAac-  j 
XMKOB  Ha  OCHOBe  anOKCMAHbIX  M  nOAM3CpMpHblX  OMOA.  { 

Ho  npM  310M  BOSHMKaAM  npo6AeMbi  6opb6bi  c  ycxpa- 


Tho  vast  information  arrays  have  been  accumulated  re¬ 
cently  concerning  the  deformation  resistance  of  metals 
and  alioys  by  the  method  of  plastometry  using  cam  and 
torsional  plastometers.  This  method  allows  a  high  ac¬ 
curacy  modelling  of  development  of  deformation  har¬ 
dening  and  dynamic  weakening,  as  well  as  of  various 
deformation  development  principles  {fractional,  mono¬ 
tonous,  stepv/ise,  allowing  for  metal  cooling,  etc.).  The 
deformation  resistance  was  studied  under  compression 
and  tension  for  a  v/ide  range  of  metals  and  alloys  under 
most  diverse  temperature-rate  deformation  conditions 
on  the  basis  of  hardening  (weakening).  Mathematical 
processing  of  the  data  obtained  was  performed  by  the 
plastometry  results,  and  dependencies  of  the  deforma¬ 
tion  resistance  upon  the  test  temperature-rate  factors 
were  plotted  in  the  form  of  curves  of  deformation  har¬ 
dening  and  dynamic  and  static  weakening. 

The  plastometry'  results  offered  the  possibility  for  de¬ 
velopment  of  physical-mathematical  models  of  flow  of' 
materials  under  deformation,  allowed  mechanical  pro¬ 
perties  and  structure  of  the  deformed  material  to  be 
predicted  at  a.  sufficient  accuracy  level,  which  is  of  high 
importance  for  fabrication  of  different  types  of  welded 
joints  and  structures. 


CONSTRUCTION  OF  FIELD  PIPELINES  OF  BIPLAS¬ 
TIC  PIPES.  K.  I. Zaitsev  (VNIIST,  Moscow,  Russia).  Ope¬ 
ration  and  mastering  of  new  oil  and  gas  fields  containing 
aggressive  components  (hydrogen  sulphide,  carbon 
dioxide)  are  characterized  by  an  increasing  number  of 
failures  of  steel  pipelines  caused  by  their  damage  due 
to  internal  cracks,  The  existing  corrosion  protection 
means  (inhibition,  decrea.se  in  pressure,  coatings),  al¬ 
though  they  reduce  the  probability  of  accidents,  fail  to 
completely  eliminate  them. 

The  use  of  plastic  pipes  (polyethylene,  polypropylene, 
polyvinylchloride,  etc.)  provided  a  break-through  in  the 
field  of  corrosion  protection  of  field  pipelines.  However, 
pipes  made  from  monopolymers  cannot  withstand  pres¬ 
sure  above  1.0-1. 2  MPa,  whereas  pressure  in  the  gas 
production  v/ells  amounts  to  4--10  MPa. 

In  the  world  practice  this  problem  is  solved  in  several 
v/ays.  For  example,  to  increase  strength  of  the  pipes  of 
thermoplastic  materials,  they  are  reinforced  with  steel 
lath,  fibres,  synthetic  or  natural  materials,  metal  strip  or 
their  combination. 

Numerous  attempts  were  made  to  try  out  glass-reinfor¬ 
ced  plastics  based  on  epoxy  or  polyester  resins  to  make 
pipelines.  But  that  caused  problems  associated  with 
elimination  of  gas  permeability  of  thermosetting  com¬ 
pounds  used,  together  with  glass  fibres,  to  form  a  pipe. 
In  this  respect  combination  of  gas  tightness  of  polyet¬ 
hylene  pipes  and  strength  of  glass- reinfo  reed  plastics 
showed  promise. 
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neHHGM  rasonpoHMij^aeMocTMTepMopeaKTUBHbix  KoMna-  | 
yHflOB,  H3  KOTOpbIX  C  npUMeHeHHBM  CTOK/IOHl'ITM  cflOpMM-  i 
pyexcfi  TpySa.  nepcnetcTHBHUM  oKasaaocb  coMeiauHe 
raaoHenpoMHuaeMocTO  noBMsrujieHOBbix  Tpy6  m  npo4- 
HocTU  cTeK;ionjiac™Ka. 

B  PoccuM  pqflOM  opraHnaaiiHM  6bi/!n  paapaSoxanbi 
KOUCxpyK.pMM  xpy6  M3  KOMnosMXHbix  MaxepnanoB,  ox- 
aMHaioiuiiecB  bwcokom  npoBHocxbio  n  repMexMM- 
HOOTbto,  npefiHaaHaMenHbie  xpancnopxa  Hetpxn  m 
rasa  npn  AaBAeHUM  ao  10  MHa. 

Hanfiojiee  yflaanoM  xoHcxpyKu.MeM  cxaaM  xpySbi,  Bbi- 
nycK  Koxopbix  ocBoen  AO  «KoMno3nx-He(j3Xb».  Ohm  coc- 
xoBX  M3  AByx  cjioee:  BHyxpenHero  ms  nojiMsxMaena  Bbi- 
coKod  n/ioxHocxM  M  HapyxHoro  m3  cxeioionaacxMKa.  j 
ripeAnpMBXMeM  riocxae/iaioxcB  xaxMe  KOM6MHMpoBaH- 
Hwe  xpy6bi  m  coeAMHMxenbHbie  Aexa/iM  k  hmm  AMawex- 
POM  ox  63  AO  130  MM  Ha  paeoHoo  AasaeHMe  ao  10 
MDa.  tlpM  ynaciMM  AO  «BHMHCT»  pemsH  Bonpoc  xex- 
HOAorMM  MOHxaxa  xpyOonpoBOAOB  m3  sxmx  xpy6  b  no- 
AGBbix  ycnoBMfix  c  no/iyneHMeM  paeHonpoHHoro  m  ra- 
30nenpoHMnaoMoro  coeAMHeuMB. 

CoeAMHeHM8xpy6  npoHBBOAMXca  b  Afia  axana:  KOHxaK- 
XHaa  cBapxa  onnaBBeHMeM  noAMSXMAeKOBWX  xpoMOK 
xpy6  (abb  no/iyneuMB  repMexMHHocxM),  saxeM  najioxe- 
MMO  COCXaBHOM  MyCjjXbl  Ha  KAGORbie  KOMHayHAb!  ABB 
oOecncMOHMB  ocbbom  m  paAMaabHoil  npoMHOcxM  xpy- 
OonpoBOAa. 

yxeyaoxeHbi  Mycnoiuno  paPoxaioxHa  npoMbicaax  npM 
BbicoKMX  AasJiGHMBX  6oBee  200  km  xpy6onpoBOAOB  m3 
xaKMXxpy6,  B  6;!MxaM!iiee  Bpewfi  6yAex  opraiiMsoBaHo 
npOM3BOACXBO  KOM6MHMpOBaHHb!X  Xpy6  6o/lbUJerO  AM- 
aMGxpa. 

COBPEMEHHblE  TEXHO/IOrMM  CBAPKM  TOHKOC- 
TEHHblX  CTPUHrEPHblX  KOHCTPyKLiMM.  A.  R. 

MmeHKo,  A.  A.  BoHflapeB,  AHflp.  A.  BoHflapeB  (Mh-t 
aneKTpocBapicui  mm.  E.  O.  ElaroHa,  r.  Ki^es,  VKpa'Ma). 

B  paaAMHHWX  oxpacBBX  npoMbioiaenHoro  npoMSBOAC- 
XBa,  xaKMX  KAK  cyAocxpoGHMe,  xpancnopxHoe  MauiM- 
HocxpoGHMe,  anna-  m  paKexocxpoeHMe,  naxoABX  ujm- 
poKoe  npMMeHGHMe  xoHKOAMCxoBbie  cxpMHrepHbie  na- 
HBAM  c  Ha6opoM  pe6ep  xecxKocxM  pasAMHHoro  npo- 

HcnoAbSOBaHMG  BblCOKOnpOMHblXaaiOMMHMeBblX 
cnAEBOB  npM  MsroxoBTieHMM  naHoaeM  cyu.(ecxBeHHo 
CHMxaex  MaccoBbie  noKasaxeaM  npM  o6ecneHeHMM  Bbi- 
COKMX  SHaMeHMCi  npOMHOOXM  M  XeCXKOOXM, 

K  nacxoBiAeMy  bpomshm  HaKonaoH  onpeAeaeHH!,!M 
onux  M  pa3pa6oxaHO  HecxoabKo  cnocoOoB  MsroxoBae-  j 
HMB  naneabHbix  ope6peHHbix  KOHcxpyKHMM,  ho  nan-  ■ 
6oaee  nepcneKXMBHbiM  BBnqexca  npMMeneHMepaaaMH- 
Hbix  cnoco6oB  ceapKM,  Msbocxhu  npMMepu  Mcnoahso- 
BauMB  KOHxaKXHoC^,  AM4>4>y3HOHHOM,  aproHo-AVroBOM 
CBapKM,  a  xaKxe  BbicoKOKOHueHxpMpoBaHHWx  ayaesbix 
McxoHHMKOs  HarpeBH  aasepHoro  m  saeKxpoHnoro  ayaa 
ripM  MsroxoBaeHMM  cxpMHrepubix  naHeaeCi.  Oahsko  npM 
aioOoM  cnocoOe  ceapKM  mx  MaroxosaeuMe  conpaxoHo 
c  pBAOM  npo6aeM,  raacHOM  cpeAM  Koxophix  BBanexcB 
oSecneHGHMe  Bbicoxoil  xohhocxm  reoMexpMaecKMX 
ct)opM  M  pasMepoB  roxoBbix  M3AeaMM. 
npeAnpMHMMatoxcf!  aomckm  hobwx  nyxeri  chmxohmb 
ypOBHfl  OCXaXOHHbIX  CBapOHHb!X  A<5c{)OpMaiJlMM  B  npo- 
Aecoe  CBapKM,  mx  ycxpanenMa  nocae  BbinoaHeuMB  csa- 
poHHbix  onepauMM. 

CpeAM  cpeACXB  m  npneMoB,  HanpaBaeHHux  Ha  chmxs- 
HMe  ocxaxoHHbix  caapoHHbix  csapHbix 

opedpeHHbix  naneaeM,  HaMSoaee  pacnpocxpaneHHbi- 


!n  Russia  some  institutions  developed  special  designs 
of  pipes  of  composite  materials.  Such  pipes  are  char¬ 
acterized  by  high  strength  and  gas  tightness  and  inten¬ 
ded  for  transportation  of  oil  and  gas  at  a  pressure  of 
up  to  1 0  MPa. 

Pipes  manufactured  by  the  Stock-Holding  Company 
"Kompozit-Neft"  have  the  most  successful  design.  They 
consist  of  two  layers:  the  inside  layer  made  from  high- 
density  polyethylene  and  the  outside  layer  made  from 
glass-reinforced  plastics.  The  Company  supplies  such 
combined  pipes  and  fittings  for  them  in  diameters  from 
63  to  130  mm,  intended  for  an  operating  pressure  of 
up  to  1 0  MPa.  In  collaboration  with  VNIIST,  the  Company 
solved  the  problem  of  the  technology  for  assembly  of 
pipelines  from  these  pipes  under  field  conditions,  re¬ 
sulting  in  production  of  full-strength  and  gas-tight  joints. 
The  pipes  are  joined  in  two  stages:  first  by  flash  butt 
welding  of  pipe  edges  (to  ensure  gas  tightness)  and 
then  by  applying  composite  couplings  using  adhesive 
compounds  (to  ensure  axial  and  radial  strength  of  a 
pipeline), 

More  than  200  km  of  pipelines  made  from  such  pipes 
have  been  laid  down  and  are  now  in  operation  to  ad¬ 
vantage.  Production  of  large-diameter  combined  pipes 
will  be  arranged  in  the  near  future. 


ADVANCED  TECHNOLOGIES  FOR  WELDING  THIN- 
WALLED  STRINGER  STRUCTURES.  A.Ya./shc/tenko, 
A.A.Bondarev,  Andr.  A.  Bondarev  (E.O. Baton  Electric 
Welding  Institute,  Kyiv,  Ukraine).  Thin  stringer  panels 
v/ith  stiffeners  of  differing  profile  find  an  increasingly 
wide  application  in  industry,  e.g.  in  ship  building,  tran¬ 
sport,  aircraft  and  rocket  engineering.  They  are  manu¬ 
factured  from  high-.strength  aluminium  alloys,  which 
leads  to  a  substantial  decrease  in  weight  and  provides 
high  strength  and  rigidity  values. 

Much  experience  has  been  accumulated  up  to  nowand 
several  methods  are  available  for  the  fabrication  of 
structures  with  stiffeners,  welding  being  the  most  pro¬ 
mising  of  them.  Reported  are  the  examples  of  using 
resistance,  diffusion  and  argon-arc  welding,  as  well  as 
highly  concentrated  heat  sources,  such  as  electron  and 
laser  beams,  for  the  fabrication  of  stringer  panels.  How¬ 
ever,  with  any  welding  method  their  fabrication  involves 
problems,  the  most  important  of  them  being  ensuring 
high  precision  of  geometrical  shapes  and  dimensions 
of  finished  products. 

Investigations  are  under  way  for  finding  new  methods 
for  reducing  the  level  of  residual  welding  distortions 
during  v/elding  and  their  removal  after  welding. 

The  most  common  methods  among  those  aimed  at  dec¬ 
reasing  residual  welding  distortions  of  panels  with  stif¬ 
feners  are  the  methods  of  design  and  preventive  char¬ 
acter  (rigid  fixation  of  elements  welded,  reverse  deflec¬ 
tion  or  preliminary  elastic  tension),  welding  processes 
and  techniques  allov/ing  them  to  be  performed  at  mini¬ 
mum  values  of  heat  input  and  maximum  possible  wel¬ 
ding  speed. 
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MH  «BJisiK3TCB  Mepbi  KOHCTpyKTi.iBHoro  M  npeAynpeflM- 
TenbHoro  xapaiaepa  (>KecTi':oG  saKpen/ienne  csapunae- 
Mbix  3/ieMGHTOB,  Mcnonb30BaHMe  npneMOB  o6paTMoro 
Bbirn6a  MJ1M  npeflBapuTe/ibHoro  ynpyroro  pacivixennB), 
aiaioKe  cnocoSbi  cnapxM  m  npusMbt,  nosBoanroiuMe  bu- 
noiiHBTb  npopecc  c  MMHHMajibHbiMM  SHaneHUBMH  noroH- 
HOM  aHeprnM  npw  bosmoxho  Bbicoxoti  cxopocTH  cnapKn. 
CyMeroM  sToro  paapafiaTbisajin  paanMHHwe  Texuoao- 
ruMGCKMG  BapnaiiTb!  coefli/ineHna  peSep  c  jihctom  cno- 
C060M  9aeKTpoHHo-/iyMeBOM  csapKn,  peryjinpoBaan 
TenAOBBOxeHMG  npM  CBapxe  nponoputnoHa/ibHo  Toa- 
mnne  CBapnEaeMbix  aneweHTOB,  ncnojib30B?an 
naroTonaeuMB  MaxeTOB  cnnaB  AMr6H  n  aaioMMiineBo- 
AUTneBbie  cnaaBbi  wapox  1423,  1430  n  1460,  flocae 
cBapxM  ncnoabaoBaan  npusMbi  lepMotpnKcaunn. 

Bxofle  MCcneflOBaHMti  CBaponbiTaspoBbiecoeAUBSiiMB 
flByOTOpOHHMMl'i  yraOBbIMI'l  UJBaMU,  OflHOCTOpOHHHM 
yraoBbiM  ijjbom  mbm  BbinonHGUUGM  npopeanoro  aisa 
nponaaBnennGM  aMcra  co  cTopoHbi,  o6paTHoCi  pacno- 
aoxGHMK)  pe6pa.  Ajib  olighkm  EauBiiHfi  KaxAoro  m3  mc- 
CAGAyeMblX  (JiaXTOpOB  Ha  ypOBGHb  OCTaTOHHbIX  AR<t>OP- 
MaAMpi  MaKGTHbie  oOpasub!  cBapHBaaM  b  cbo6oahom 
cocTORHMH  6e3  HcnoAb30BaHHB  ocuacTKM,  nocae  Hero 
OCyiAGCTBABaH  MHKpOMGTpaX  (fj0pM0M3MeHGHMB  na- 
HeaePi.  flan  npHMep  onpeAeaeuMB  yraoHoPi  Ae4>op- 
MauMH  npH  paaanHHbix  xoaMnecTBax  ujbob,  TenaoBao- 
xenHH  H  MapoK  ceapHBaeMbix  cnaaBOB.  DpeACTaBaGHbi 
pesyabTaTbi  m  npHMepbi  Mcnoab30BannB  npHCMOB  cBap- 
KH  nawGaePI  npopesHbiMH  tuBaMM,  a  raioxe  AaHHwe  mc- 

nblXaHI-IB  MGXaHMHGCKHX  CBOHCTB  CTbIKOBbIX  M  TaSpOBblX 
coGAHHGHHPi  Ha  paspbiB  H  Mapoui'iKaoByio  ycTaaocTb. 
PeayabTaxbi  MccaeAOBaHuPi  nosBoanaH  paapaSoxaxb 
OnXHMM3MpOBaHHbie  peKOMGHAaUHH  H  MapUjpyXHbiPi 
xexHoaorMHeoKMpi  npouecc  Aaa  npoMbiiiiaeHHoro  Msro- 
xoBaGHMfi  ope6peHHbtx  cxpHHrepHbix  naneaePi  H3  bw- 
coKonpoHHbix  aaioMMHMGBhix  cnaaBOB. 

aKCHEPTHAq  CMCTEMA  nPOEKTMPOBAHMfl  TEX- 
H0/10ri4M  CBAPKM  /lEtKIiX  Cn/IABOB.  A.  9i. 

IAlubhko,  B.  0.  /^eMuenKO,  B.  PI.  ByflUiiK,  C.  C.  Ko3nii- 
mna  (Mh-t  sneKjpocBapm  hm.  E.  O.  narona,  r.  Knen, 
YKpama).  PaapaSoxaHHan  sKcnepxHaa  CHCXGMa  axicy- 
MyanpoBaaa  SHaHHH,  npaKXMHGCKMH  onbix  w  AaNHhie  no 
xGXHoaoxHHM  cBapKM  aeTKHx  cnaasoB,  paaaMaoBaHHbiG 
BBHA©  Ga3  AaMHbix  M  6a3  3HaMnPi.  B  cocxao  sKonepxnoii 
CMCXGMbi  bxoahx  caGAyioiMHe  (paxxorpatpHHecKHe  h 
rpa4)HMQCKMe  Oaabi  ABHHbix:  ochobhux  MaxepiiaaoB; 
CBapHbix  coGAHUGHHPi;  CBapoHHbix  MaxepHaaoB;  cno- 
C060B  CBapKM;  cpasHMxeabHbix  xapaKxepMcxMK  cnoco- 
6ob  CBapKM. 

MoAGab  Rasbi  AaHHhix cnoco6oB  coapKM  onpeAGaGHa xa- 
KMM  oSpaaoM,  Mxo  KaxAOMy  ocHOBHOMy  MaxepMaay  cxa- 
BHXCH  B  COOXBGXCXBMG  AOnycXMMbIG  CnOCOObI  OBapKM. 
Baaa  Aannbix  oBapoHHbix  MaxepMaaon  cocxomx  M3  mmg- 
HM  MaxepMaaa,  nepeHHH  chocoGob  CBapxM  m  cnMcxa 
OCHOBHhIX  MaXOpMaaOB,  AJI^  Koxopbix  MOXGX  6blXb  MC- 
noai.aoBaH  AanHbiPi  ceapoHUbiPi  MaxepMaa, 

Baaa  A.aHHbix  cpasHMxeabHbix  xapaKxepMCXMK  cnoco- 
6ob  CBapKM  AJif)  KaxAoro  cnocoGa  xpaHMx  MHfjJopwa- 
UMio  o  naoxHOCXM  wexaaaa  lusa  m  ero  nuemHeM  bmab, 
pasMGpax  aoHbi  xepMMHecKoro  bamhumh,  noKaaaxe/iHX 

CBapOHHhIX  ASCflOpMaAMpi,  npOMSHOAMXGBbUOCXM  CBap¬ 
KM,  KaHGcxBG  no  peHxreHOBCKOMy  KoHxpo/iio,  nponaaB- 
bhioiagm  cnocoGnocxM,  SKOBorMHecKOM  xapaKxepMCXM- 
KG  M  noKasaxGBG  cnapMoaeMocxM. 

Baaa  Aannbix  ochobhwx  waxepMaBOB  noAep>KMx  mh- 


_ WELDED  STRUCTURES 

Different  technologies  for  joining  stiffeners  to  panels  by 
electron  beam  welding  were  developed  on  this  basis, 
welding  heat  input  was  regulated  depending  upon  the 
thickness  of  elements  welded,  and  alloy  AMgBN  and 
aluminium-lithium  alloys  1423,  1430  and  1460  were 
tried  out  to  manufacture  model  samples.  Welding  was 
followed  by  thermal  fixation  procedures. 

The  investigations  included  welding  of  T-joints  with  two- 
sided  fillet  welds,  one-sided  fillet  welds  or  slot  welds  by 
penetrating  the  panel  on  the  side  reverse  to  that  of 
location  of  a  stiffener.  To  evaluate  the  effect  of  each  of 
the  factors  on  the  level  of  residual  distortions,  the  model 
samples  were  welded  using  no  backing  and  no  fixture. 
After  that  the  panels  were  studied  to  measure  micros¬ 
copic  changes  in  their  shape.  An  example  of  determi¬ 
nation  of  angular  distortion  at  different  number  of  the 
welds,  different  heat  inputs  and  different  grades  of  base 
materials  is  given.  Results  and  examples  of'application 
of  welding  of  panels  using  slot  welds,  as  well  as  data  of 
mechanical  tensile  and  low-cycle  fatigue  tests  of  butt 
and  T-joints  are  presented. 

The  investigation  results  allowed  development  of  re¬ 
commendations  and  flow  charts  for  the  optimized  com¬ 
mercial  manufacture  of  stringer  panels  with  stiffeners 
from  high-strength  aluminium  alloys. 


EXPERT  DESIGN  SYSTEM  FOR  TECHNOLOGIES  OF 
WELDING  LIGHT  ALLOYS.  A.Va.Ishchenko,  V.F.Dem- 
chenko,  V.P.Budnik,  S.S.Kozlitina  (E.O.Paton  Electric 
Welding  Institute,  Kyiv,  Ukraine).  The  new  expert  system 
has  accumulated  knowledge,  practical  experience  and 
data  on  the  technologies  of  welding  light  alloys.  The 
system  includes  data  and  knowledge  bases.  It  compri¬ 
ses  the  follov^ing  factographio  and  graphic  data  bases: 
for  base  mateiials,  welded  joints,  welding  consumables, 
welding  methods  and  comparative  characteristics  of  the 
welding  methods. 

The  model  of  the  data  base  for  welding  methods  is 
arranged  so  that  all  suitable  welding  methods  are  given 
to  each  base  material.  The  base  consists  of  designations 
of  consumables,  list  of  the  welding  methods  and  list  of 
base  materials  for  which  a  given  welding  consumable 
can  be  used. 

The  data  base  for  comparative  characteristics  of  the 
welding  methods  contains  information  on  the  following 
characteristics  for  each  welding  method :  density  of  v/eld 
metal  and  its  appearance,  size  of  the  heat-affected 
zone,  indicator  of  v/elding  strains,  productivity  of  wel¬ 
ding,  quality  determined  by  X-ray  inspection,  penetra¬ 
ting  power,  environmental  characteristic  and  indicator 
of  v/eldahility. 

The  data  base  for  base  materials  contains  information 
or.  ba.so  materials  of  the  class  of  light  alloys'which  are 
joined  by  the  arc  welding  methods.  This  information 
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(fjopManMio  o6  ocHOBHbix  MaTepwanax  M3  icnacca  ;ier- 
KMX  cnJiaeoB,  KOTopbie  coeflMHSioTCB  c  noMoiubro  fly- 
roBbix  MSTOflOB  cBapKM.  Sra  MHtJiopMauMa  coctomt  m3 
flaHHbix  o  cMCTeMG  jierapoBaHna  m  Mapxe  ocHOBHoro 
Meranaa  c  McnoabaoaaHneM  6yKBeHHoro  m  (Maw)  hmc- 
aoBoro  KOfla  cnaaea. 

Basa  flaHHbix  CBapHbix  coeflMHeHufi  BioiioHaeT  HHifopMa- 
UMio  (b  cooTBeTCTBMM  c  TOCT)  o  ct)opMax  pasAe.nKM  csap- 
Horo  aiBa  ajw  CTbixoBbix,  yr/iOBbix,  raspoBbiX  m  Haxnec- 
TOBHbix  coeflMHeHMM,  o  flonycTMMbixcnoco6ax  ceapKM  flna 
flaHHofi  (t)opMbi  pasfleJiKM,  a  Taioxe  o  reoMerpHBenKMX  or- 
paHMHSHMBX  HaTOBiUMHy  MBTanna  m  ftnuny  Lusa,  aaflaHHUx 
ABB  Ka>KAoro  flonycTMMoro  cnoco6a  csapKii. 

A/ib  cosAanMB  yAo6Horo  HHTep^^ePica  noabaoeaTeaB 
aKTya.nM3MpoBaHa  rpatpMBecKaq  Saaa  ashhux  tpopw 
pasABBOK  cBapHoro  luea,  npeACTaBBaroiAaB  co6om  Ha- 
Bop  (paii/ioB  B  rpaciJMHecKOM  cpopMare,  b  xoTopbix  cox- 
paHsieTCB  MH4)opMaij,MB  o  <popMax  pasAe/ioK  lUBa  a^b 
pa3/lMHHblX  TMnOB  CBapHbIX  COeAMHeKMM  (28  pa3AeAOK 
CTbiKOEbix  coeAMHeHMfi,  9TaBpo8bix,  14yr/iOBbix  M  2  Hax- 
/leCTOMHblX). 

Mn4)opManMP  o  pexMWiax  CBapKH  coA.epjKMTCB  b  6a3e 
3HaHMM,  peaAM30BaHHOM  B  BMAe  HaSopa  paCMSTHUX 
MOAVAsti  aab  onpeAeABHMB  napaMoipoB  pejXMMa 
CBapKM  B  SaBMCMMOCTM  OT  68  Cn0C06a,  TOAUJiMHhl  Me- 
TaAAa  M  (popMbi  pasAeAKM  ujBa,  riapaMCTpiiMecKMe 
ypaBHeHMB  6a3bi  SKaHMOi  nocTpoenbi  Ha  ocHose  per- 
peccMOHHOM  o6pa6oTKM  MaccMBOB  axcnepMMenTaiib- 
HOM  MH<t)OpMaUMM, 

Ha  nepBOM  sTar.e  pafioTw  SKcnepTHoii  CMCTeMW  3aAa- 
STCH  cMCTewia  jierMpoBaHMB  ocHOBHoro  MeTanna,  toa- 
LUMHa  cBapMnaoMoro  MajepwaAa  m  AAMHa  uiea.  3tm  na- 
paweTpbi  McnojibsyioTCfi  aaa  onpeASAeuMB  bosmokhux 
BapMaHTOB  pasAenxM  weraAAa  msa  m  AonycTUMbix  cno- 
co6ob  CBapKM.  npM  Bbi6ope  pauMOna.nbHoro  cnoco6a 
CBapKM,  B  HaM6o/ibiueM  cTeneHM  cooTBercTByioujiero 
saAaHHbfM  KpuTGpMBFvi  KaM60TBa  cBapHoro  coeAMne- 
HMB,  noAbsosaTeAb  MMeer  BO3MOX<H0CTh  o6paTMTbca  k 
CMCTGMe  MH(}3opMauMOHHofi  noAAep>«i<Hi  KOTopaq  npe- 
AOCTaBAAeT  cpaBHMTeAbHbie  xaparrepMCTMKM  Aonyc- 
TMMblX  Cn0C0605  CBapKM  HO  lIGpeHMCAeHHblM  BbILLie  110- 
KasaieABM  xaMecTBa.  B  aasMCMMOCTU  ot  BbiSpanHoro 
cnocoSa  csapKM  KownbioTepHaq  cMCTBMa  aaer  pexo- 
MeHAaAMM  no  CBapoMHbiM  warepMa/iaM  (npMcaAOHUoii 
npoBOAOKe,  aaiUMTHOMy  rasy,  HenAaBBiAeMyca  sAeia- 
poAV)  M  pexMMaM  npouecca.  Htofom  coBMecTHOM  pa- 
60  rbi  noAb30BaTe/iB  m  KownbioTepa  BBAaeTcn  buxoa- 
Hofi  AOKyweHT  (TexHo/iorMMecKaB  xapja),  b  xoTopoM  ot- 
paxceiibi  McxoAHaa  MHttJopMauMa  n  pexoMeHAaUMM  sx- 
cnepxHOM  cMCTeMbi  no  xexHOAorMM  ceapKn. 
SKcnepTHaa  cMCxeMa  mojkox  6bixb  McnoAbaoBana  Ha 
npeAnpMAXMAX  MaiuMHocxpoMxeAbHoro  KOMnAGXca,  b 
xexHOAOXMHecKMX  M  KOHCxpyKXopcKMX  6iopo,  a  xaKxe  b 
BbiciAMX  yHe6Hbix  saseAGHMAx  npM  noAroxoBKG  mhxg- 
HepoB  cpapoHHOM  cneuMa/ibHocxM. 

CBAPMBAEMOCTb  XAPOnPOMHblX  HMKE/IEBblX 
Cn/IABOB,  nPMMEHSJEMbJX  B  ABMAUMOHHbIX 
rA30TyPBMHHbIX  ABMrATEAlPX.  E.  H.  KaSjiOB, 
B.  R.  JlyKi^H,  fl.  H.  CopoKHH  (rn  THU,  BUAM,  r.  MocKBa, 
P0).  CBapMBaeMocxb  xtaponponubix  cnaaeoB  onpsAe- 
AAeXCA  CKAOHHOCXblO  K  oSpasoBai-iMFO  xpeiAMH  npM 
cBapxe  M  xep.MMHecKOM  o6pa6oxKe.  Hcxoaa  M3  onbixa 
MaroxoBAGHMA  cBapHbix  KOHcxpyxuMM  M  pesyAbxaxoB 
/ia6opaxopHbix  MccaeAoeaHMfi  npeAAaraexca  oaohm- 
Baxb  cnAaBbi  CASAytoiAMM  o6pa30M:  xopomo;  vaobagx- 


includes  data  on  the  alloying  system  and  grade  of  the 
base  metal  using  alphabetic  and/or  numerical  code  for 
alloy  designation, 

The  data  base  for  welded  joints  includes  information 
(according  to  GOST)  on  groove  preparation  for  butt, 
fillet,  T-  and  overlap  joints,  on  suitable  welding  methods 
for  a  given  groove  preparation  and  geometrical  restric¬ 
tions  on  metal  thickness  and  weld  length  assigned  for 
each  applicable  welding  method. 

There  is  a  graphical  data  base  for  weld  groove  prepa¬ 
rations,  which  is  intended  to  serve  as  the  user's  friendly 
interface.  This  data  base  is  a  set  of  files  in  a  graphical 
format,  which  contain  information  on  different  types  of 
groove  preparation  for  different  types  of  welded  joints 
(28  types  of  groove  preparation  for  butt  joints,  9  -  for 
T-joints,  14  —  for  fillet  and  2  —  for  overlap  joints). 

The  information  on  welding  conditions  is  contained  in 
the  knowledge  base  realized  in  the  form  of  calcuiation 
modules  to  identify  welding  parameters  depending 
upon  the  welding  method,  metal  thickness  and  groove 
preparation,  Parametric  equations  of  the  knowledge 
base  are  developed  on  the  basis  of  regression  proces¬ 
sing  of  arrays  of  the  experimental  information. 

Stage  1  of  operation  of  the  expert  system  Includes  as¬ 
signment  of  the  alloying  system  of  a  base  metal,  thic¬ 
kness  of  the  base  metal  and  the  weld  length.  These 
parameters  are  used  to  identify  possible  variants  of  gro¬ 
ove  preparation  and  suitable  Welding  methods.  Upon 
,  selecting  a  rational  welding  method  which  is  most  sui- 
i  table  for  the  preset  criteria  of  quality  of  a  welded  joint, 
the  user  can  address  the  information  support  system 
which  provides  comparative  characteristics  of  the  sui¬ 
table  welding  methods  by  the  above  quality  indicators. 
Depending  upon  the  welding  method  selected,  the  com¬ 
puter  system  gives  recommendations  for  welding  con¬ 
sumables  (filler  wire,  shielding  gas,  non-consumable 
electrode)  and  process  parameters.  The  end  product 
of  interaction  between  the  user  and  computer  is  an  out¬ 
put  document  (flow  chart)  which  contains  the  source 
information  and  recommendations  of  the  expert  system 
for  the  welding  technology. 

The  expert  system  can  be  used  at  machine  building 
enterprises,  technology  and  design  bureaus,  as  well  as 
at  higher  education  institutions  for  training  welding  en¬ 
gineers, 


WELDABILITY  OF  HEAT-RESHSTANT  NICKEL.  ALLO¬ 
YS  USED  IN  AIRCRAFT  GAS  TURBINE  ENGINES. 

E.N. Kablov,  V.l. Lukin,  L.l. Sorokin  (VIAM,  Moscow,  Rus¬ 
sia).  Weldability  of  heat-resistant  alloys  depends  upon 
their  susceptibility  to  cracking  during  welding  and  heat 
treatment.  Based  on  the  experience  of  fabrication  of 
v/elded  structures  and  results  of  laboratory  investigati¬ 
ons,  it  is  suggested  that  alloys  should  be  estimated  as 
having  good,  satisfactory  weldability,  having  satisfactory 
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BopmeJibHo;  yfloB/ieTDopiire/ibHo  cBapnoaeMbie,  ho 
CK/lOHHWe  K  TGPMMHBCKMM  TpeiJUMMaM;  OrpaHUMGHHO 
CBapiiBaeMbifi. 

K  xopoaio  cBapi'iBaeMbiM  othogjitcb  xcapocTofiKMe  ro- 
MoroHHbie  cn/iaBbi  XH78T  (3M435),  XH75MBTIO 
(3W602),  XH60B  (3H868),  OT;iHHaiomnec?i  hmskom 
CKnoHHooTbio  K  oCpasoBaHMio  ropnMux  xpeinnn,  He 
cicnoi-iHbie  K  TepMHHeoKMM  Tpeu^nHaM,  He  MMeioiuHe  or- 
paHUMeHMti  K  npwMeHennio  eyieicrpoAOB  npw  pyMHoi^  fly- 
roBOM  cBapKe,  ceapoHHbix  npoBOjioK  npH  aproHO-flyro- 
BOM  cBapKG,  pex<MMon  9flGKTpoHHo-/iyHeBoii  ceapKM  m 
K  pasMepy  aepua  b  cn/iasax. 

K  yflOB/ieTBopuTejibHO  caapunaeMbiM  othocbtcb  xa- 
ponpoHHbie  flncneponoHHo-TBepfleK3inne  xenesoxpo- 
MOHUKeneBhie  XH30BMT  (3M437),  XH45MBTt05P 
(3n718)  M  HHKeiieBbie  XH50BTIOB  (311648,  BX4/1), 
XH65BMBIO  (3(1914)  cn/iasbi,  coflepx<aiune  flo  2,7  % 
aaioMMimq,  flo  3,7  %  TUTana  m  flo  10...  12  %  y-cfiaBbi, 
He  CK/IOHHbie  K  06pa30BaHMIO  repMH'HeCKMX  TpeiflHH. 
CKJIOHHOOTb  K  o6pEi30BaHMlO  TOpBHMX  TpSU^HH  OnpGfle- 
jineicB  CBoficTBaMM,  cocTOBHueM  cn/iasa  hthiiom  npH- 
MeHH0Moro  nofiy(j5a6pMKaTa. 

Abp  cHPxeHPH  CIOIOHHOCTM  K  oSpasoBauMto  TpelflHH 
peKOMeHflyercfi  cBapuBaxb  btm  cnnaBbi  b  saKafleMHOM 

COCTOBHHM,  B  KaHeCTBe  npPCa,flOK  MCnOBbBOBaTb  3/ieK- 

Tpofli.1  H  cBapoHHbie  npoBo/ioKM,  y  Kojcpbix  fletjiopwa- 
flMOHiiaB  cnoco6HOOTb  6o/iee  BbiooxaB,  hgm  y  ochob- 
Horo  MGTaB/ia,  npn  aneKiponHO  /iyHeBoil  cnapKe  orpa- 
HMHHBaTb  cKopocTb  npoflecca,  fl/(B  Bcex  cnoco6oB 
cBapxM  orpaiiH'-iMnaTb  pasMep  sepua  fianaoM  4. 
C/ieflyioiuyio  rpynny  cocTaB/iHioTflvicneponoHHo-TBep- 
fleioiflue  HMKeneBbiG  cnaaFJbi  XH68BMTIOK  (3(1593), 
XH62BMIOT  (30708),  BX/i-14,  XH56BM[0  (30199), 
XHSOMBKTfOP  (3099),  coflepxoifliie  2,7...3,5  %  anio- 
MHHUB,  3,7.  ..5,0  %  TMTana  H  oKono  18. ..20  %  y'-cpasbi, 
yMGpeHHO  CK/lOHHbIG  K  oSpaSOBaHHIO  ropBHMX  H  Tep- 
MMHecKHX  TpelflHH.  O6pa30BaHne  ropq'inx  tpeaiwH 
0Hn>Kai0Tc  noMOiflb!OTexHo;iornHecKHX  H  Mera/iJiyprH- 
HecKHX  MGp,  poKOMSHflyeMbix  flaa  npeflbiflymew  rpyrt- 
nbi.  Ha  npaKTHKe  paoTpecKHBaniie  sthx  onaaBoe  npM 
TepMoo6pa6oTKe  MWieeT  MeoTo  Ha  CBapHWX  ysaax  o  Bbi- 
COKMM  ypOOHOM  OCTaTOHHbIX  HanpaXeUMlI.  yMeHbUJUTb 
pacTpecKMoaHMe  moxtio  nyreivi  onTHMMaapMH  jexHO- 
jiorHM  cB.apKH,  npHMeHenHB  npiicaflOHUbix  waTepHaaoB 
H3  roMoreHHbix  cnaaBOD  h  TepMoo6pa6oTKH  no  cxewe 
3aKajiKa-cRapKa-3aKajiKa-CTapeHMe.  JXni]  cnaaBOB  c 
nOBbUbieHHblM  COflepjKBHHeM  a/HOMHHHH  H  THTaHH  pO- 
KOMGHflyeTcq  nopefl  CBapKori  npoBOflMTb  nepeoTapw- 
BaHwe  cnaaBOB, 

K  orp.3HHHei!Ho  CBapiiBaeMhiM  othochtcb  cnaaBbi  Map- 
KM  >KC6,  coflepxaiflHG  6oaee  3,5  %  aniOM'/iHna,  CBHLue 
5  %  TMTaiia  M  6oaee  22  %  y'-ctiaabi,  xapaKTepii3yiomnecB 

BblCOKOd  CKJIOHHOCTblO  K  o6pa30BaHH10  TpelflHH  OpH 
CBapKe  H  TepMoo6pa6oTKe.  yjiyiiUHTb  hx  cBapneae- 
MocTb  Mo>KHo  oyTeM  flTiHTeTibHoro  MHorocTyneiiHaToro 
nepecTapHBaHHB  hah  npHMeHeiiHH  BbicoKOTewnepaTyp- 
Horo  conyrcTByioiflero  noflorpesa  CBbiuje  1000  ‘C. 
OfleHKa  cnapHBaeMOGTH  cnaaBOB  b  aaBHOHMOcTH  ot 
coflepxatiHfi  B  HMX  aaioMHHHB,  TUTana  h  y'-cpasbi  cbb- 
aana  c  tgm,  hto  c  ysenHMeHHeM  hx  KOAHHecTEia  npoHC- 
xoflHT  noBbiujeHHe  xcaponpoHHocTH,  pe.naKcaflHOHHOM 
CTOHKOCTH  H  CHHXeHHe  TenflonpOBOflHOCTH  CnaaBOB, 
KOTopbie  BbisbiBaioT  BospacTaitHe  Hanp3>KeHHH  npn 
CBapKR  H  TepMoo6pa6oTKe,  SiccnepMMGHTaAbHO  ycra- 
HORAeUO,  HTO  OCHOBHbIMH  tfiaKTOpaWH,  BAHBIOIflHMH  Ha 


we(dal.Tility  but  susceptib(e  to  tlTeriTia(  crac!<ing  and 
t(T0.se  (laving  (imited  weidabiiity. 

Alloys  having  good  weldability  include  heat-resi-ctant  ho¬ 
mogeneous  alloys  KhN78T  (Ei435),  KhNSMBTVu 
(EI602)  and  KhN60V  (Ei868),  which  are  characterized 
by  low  susceptibility  to  hot  cracking  and  no  sensitivity 
to  thermal  cracking,  and  which  have  no  restrictions  on 
the  use  of  electrodes  in  manual  arc  welding,  welding 
wires  in  argon -arc  welding,  parameters  of  electron 
beam  v/eiding  and  size  of  grain  of  alloys. 

Alloys  having  satisfactory  weldability  include  heat-  resis¬ 
tant  precipitation-hardening  Iron- chrome-nickel  alloys 
KhN30VMT  (Ei437),  KhN45MVTYuBR  (EP718)  and  nic¬ 
kel  alloys  KhMSOVTYuB  (EP648,  VKh4L),  KhN65VMTYu 
(EP914)  containing  up  to  2.7  %  aluminium,  up  to  3.7  % 
titanium  and  up  to  10-12  %  y'-phase.  These  alloys  are 
insensitive  to  thermal  cracking.  Their  susceptibility  to 
hot  cracking  is  determined  by  properties,  state  of  an 
alloy  and  type  of  a  semi-finished  product  used. 

To  decrease  susceptibility  to  cracking,  it  is  recommen¬ 
ded  to  weld  these  alloys  in  a  quenched  state  and  use 
as  the  fillers  such  electrodes  and  welding  wires  which 
have  higher  deformability  than  base  metal.  In  the  case 
of  employing  electron  beam  welding,  it  is  advisable  to 
limit  the  process  rate.  In  addition,  for  all  welding  met¬ 
hods  it  is  recommended  that  the  grain  size  be  limited 
to  point  4. 

The  next  group  of  alloys  includes  precipitation-hardening 
nickel  alloys  KhH68VMTYuK  (EP693),  KhN62VMTYuT 
(EP708),VZhL-14KhN56VMYu(EP199),KhN50MVKTYuR 
(EP99),  which  contain  2. 7-3.5  %  aluminium,  3. 7-6.0  % 
titanium  and  about  13-20  %  y-phase.  They  are  mode¬ 
rately  sensitive  to  hot  and  thermal  cracking.  Formation 
of  hot  cracks  is  normally  reduced  by  technology  and 
metallurgy  measures  similar  to  those  recommended  tor 
the  previous  group  ot  alloys.  In  practice,  cracking  of 
these  alloys  during  heat  treatment  occurs  in  welded 
connections  with  a  high  level  of  residual  stresses.  Crac¬ 
king  can  be  decreased  by  optimization  of  the  welding 
technology,  the  use  of  filler  materials  of  homogeneous 
alloys  and  heat  treatment  by  the  "quenching-welding- 
quenching-agcing"  procedure.  For  alloys  with  an  incre¬ 
ased  aluminium  and  titanium  content,  it  is  recommended 
that  prior  to  welding  tliey  be  subjected  to  overageing. 
Alloys  with  a  limited  v/eldability  include  alloys  oftheZhSB 
grade,  v^'hich  contain  more  than  3.5  %  aluminium,  more 
than  5  %  titanium  and  over  22  %  y-phase.  They  are 
characterized  by  a  high  susceptibility  to  cracking  during 
welding  and  heat  treatment.  Their  weldability  can  be 
improved  by  long-time  many-stage  overageing  or  using 
high-temperature  concurrent  heating  to  more  than 

1000  -c. 

Evaluation  of  weldability  of  alloys  depends  upon  alumi¬ 
nium,  titanium  and  y-phase  contained  in  them.  An  in¬ 
crease  in  the  content  ot  the  above  elements  leads  to 
an  increase  in  heat  resistance,  relaxation  resistance  and 
decrease  in  thermal  conductivity,  which  in  turn  causes 
an  increase  in  stresses  during  welding  and  heat  treat¬ 
ment.  it  is  experimentally  established  that  the  main  fac¬ 
tors  affecting  cracking  during  welding  and  heat  treat¬ 
ment  are  the  level  and  rate  of  growth  of  stresses,  as 
well  as  relaxation  resistance  of  alloys  and  their  welded 
joints. 

Hot  crack  resistance  of  all  alloys  during  welding  can  be 
improved  by  using  vacuum-induction  (VIM)  or  vacuum- 
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o6pa30saHMe  TpeinMH  npw  CBapi<e  m  TepMoo6pa6oTKe, 
siBJifiioTCiq  ypooenb  M  TeMn  HapacraHUfi  Hanpfl)KeHBH,  a 
TaK>Ke  pe/iaKcauMOHMaq  CTofiKocTb  cnBaeoB  m  csapuNX 
coeflUHeHUM. 

CTOfiKOCTb  npoTOB  o6pa30BanMB  ropjiHMX  xpemiiH  npn 
ceapKe  Bcex  cn/iaeoB  y/iyMOiaeTCB  aa  cner  nepexofla 
OT  OTKpbITOH  BbmaaBKM  K  BaKyyMHO-HHflyKMMOHMOM 
(BH),  BaKyyMHO'AyroBOM  (Bfl)  wrw,  b  peay/ibraie  npn- 
MeneHHB  flBOMHoro  nepenpasa  (BH  +  Bfl),  bto  ceaaa- 
HO  CO  CHUDKRHMeM  S  CHBaBaX  COflep)KaHMn  KMCJlOpOfla 
M  HeMGTaBBMMeOKHX  BKBIOHeHl'lfi.  (IpuMeBeHne  npn 
BhinxiaBKe  OTxoflOB  Ha  15. ..20%  CHHxaei  cToPiKocTb 
npoTUB  oOpa.aonauMB  ropqHMX  ipeiAnn. 

JlHTei'iHWe  cnnaBtii,  MMeioiAHe  no  opasHeHiiio  c  flct+iop- 
MnpoBanHbiMH  Ooabu.iyio  cTpyKrypHyio  h  XHNWHSCKyio 
HeOAHOpOAHOCTb,  OTBU'iaiOTCB  MGHblUeW  CTOilXOCTbK) 
npoTHB  oOpaaoRaHHH  ropsiMHX  ipeiAHH,  ocodeifHo  b 
oKo/ioujoBHoti  30He.  Hx  cBapuBaeMOCTb  moxmo  yayn- 
UJMTb  nyrcM  BanaaBKM  Ha  HWCTbrx  iUHXTOBUX  waTepna- 
/tax  M  OTBMDKM  c  HanpaBPeHHOH  KpHcraABHaapneCi. 

flyrOKOHTAKTHAS!  nPMBAPKA  AfOBE/JEM.  A  M. 
KajieKO  (Mh-t  ane/apocBapKH  mm.  E.  O.  naroHa,  r.  Km- 
BB,  i'KpaMHa).  Bo/ibUJoe  Ko/iHMeoTBO  xpynHoraOapMT- 
Hbix  MeTanAOKOHCTp'/Kunii  HyxAaeTCB  b  aaiuHTHbix  h 
SKcnAyaTauHOHHbix  noK'pbiTMfix.  OAnaKO  npn  stom  bo3- 
Hnxaer  npo6AeMa  yAepxaHUfi  noKpbiTHB  Ha  OcBbUJoii 
nAou.taAM.  OnTiiMaAhHbiM  cnoco6oM  peiueHUB  stqh 
npoOjioMbi  BBBBeTCB  npMBapxa  A>o*5e/ieM.  flpH  6eTOHii- 
pOBaHMM  MeTa/iJiHMecKHX  noBepxHocTeCi  caeAyeT  npe- 

AycMOTpejb  MX  saiAMTy  ot  KOppOSMM. 

B  HHCTMiyre  a/ietcrpocBapKH  mm.  E.  O.  ilaTOHa  paapa- 
OoTaHarexHO/iorMH  pyHnoM  MexaHMSMpoBaHHoil  npiiBap- 
KM  AioOeaeil  AnaweTpoM  ao  20  mm  k  MGTaji.nMHecKMM 
AMCraW  TOfllAMHOM  OT  5  MM  HOpeS  OUMHKOBaHHUe  JlMCTbl 
Tonm.MHoCi  0,8. ..1,0  mm  c  npMMeneHMeM  KepaMMHecKMX 
ujaf16.  npM  3T0M  M  A'06eaM,  m  ouMHXoBanHbie  .nMCTbi 
BMeCTG  npOHHOnpMBapMEaiOTCHKMeTeLn/lOKOHCTpyKAHM. 
AfiB  peaBM3auMM  yKaaaHHOM  rexuoBorMH  npuMCHenbi 
6aok  ynpaBJioHHfi  npoueccoM  AyroKOHjaxTHOM  ceapKM 
M  COOTBGTCTByiOUA'lM  MCTOHHMK  TOKa,  paspaSoTaHHblG 
B  Mhctmtvtg  3/ieKTpocBapKM,  axaiotce  OBapoHHbiM  hmc- 
TOAGT  PMH-80  4)MpMbl  HBS  (rcpMaUMB),  B  KOTOpbIM 
6blBM  BHGCeHbl  HGKOTOpblG  MSMGHeHMB.  CpMpMa  nOCTa- 
BMJia  TaioKe  ax)6gbm  m  KepaMMHGcxHe  ujaMOt.i,  npoM3- 
BOACTBO  KOTOpblX  8  VKpaMHG  B  HaCTOHlilGG  BpGMC  3KO- 
HOMMHGCKM  HeU8BeC006pa3H0. 

TeixHOBorMB  m  o6opyAonaHMG,  nocTaB.nGHHOG  Mhctmty- 
TOM  3B6KTpocBapKM,  6bi,no  McnoBbsoBaHo  AAB  npMBap- 
KM  AK)6ejieM  nepaA  OeToiiMpoBaHHGM  npM  cxpoMTeBb- 
CTBG  Oo/ibujenpo/iGTHoro  rapaxHoro  noMeu4eHHR. 

HAyHHO-TEXHMHECKME  OCHOBbI  OBECHEHE- 
HMR  HAAE>KHOCTH  M  BE30nACH0CTO  CBAPOH- 
HOrO  OBOPYAOBAHM!?,  ATAJOKE  CMCTEM  TASO- 
nMTAHMSl  nPM  rAaonilAMEHHOM  OBPABOTKE 
METAn/ioKOHCTpyKi^Mfi.  o.  E.  KanycTMH  (0ryn 

«BHMMaBTorenMauj»,  r.  Mockb8.  P0).  Cnoco6bi  raaon- 
/laMGHHOM  o6pa6oTKM  Mexan/ioB  (POM)  oO-bGAMHBfox 
CBblUJG  30  lilMpOKO  npMMGHBGMblX  XeXHOBOrMHGCKMX 
npouecooB,  ochobom  Koxopbix  bbabgxcb  McnoBbaosa- 
HMG  McxoHHMKOB  HarpGBa  BbicoKoxeMnepaxypHoro  PAa- 
M6HM.  HoMeUKXiaxypa  oOopyAOBaHMB  m  annapaxyph! 
AAB  rOM  HaCHMXblBaexOoAGeXblCBHM  BMAOB  M  BBABGXCB 
noxGHUMaBbHo  noxapo-  m  BspbiBoonacHofi. 


_ _ _  WELDED  STRUCTURES 

f 

I  arc  (VAM)  melting  insiGad  of  open  melting  (OM),  or  by 
!  using  double  remelting  (VI+VA),  which  is  associated  with 
a  decrease  in  the  content  of  oxygen  and  non-metallic 
inclusions  In  alloys.  The  use  of  scrap  for  melting  leads 
to  a  decrease  of  15-20  %  in  hot  crack  resistance. 

Cast  alloys,  which  have  a  higher  structural  and  chemical 
heterogeneity  than  wrought  alloys,  are  characterized  by 
lower  hot  crack  resistance,  especially  in  the  HAZ.  Their 
weldability  can  be  improved  by  melting  using  pure  char¬ 
ge  materials  or  by  oriented  solidification  casting. 


!  ARC-CONTACT  WELDING  OF  EXPANSION  BOLTS. 

D. M.Kaleko  (E.O.Paton  Electric  Welding  Institute,  Kyiv, 
Ukraine),  Many  large-sized  metal  structures  require 
protective  and  functional  coatings.  Hovvever,  this  invol¬ 
ves  the  problem  of  retention  of  a  coating  on  a  large 
surface  area.  The  optimal  method  for  resolving  this 
problem  is  to  weld  expansion  bolts.  Prior  to  placing 
concrete  on  metal  surfaces  it  is  necessary  to  protect 
them  from  corrosion. 

The  E.O.Paton  Electric  Welding  Institute  developed  a  tec- 
hnolcgy  for  manual  mechanized  welding  ot  expansion  bolts 
up  to  20  mm  in  diameter  to  metat  sheets  with  a  thickness 
from  5  mm  through  zinc-plated  sheets  0.8-1 ,0  mm  thick 
using  ceramic  washers.  In  this  case  both  expansion 
bolts  and  zinc-plated  sheets  are  strongly  joined  to  a 
metal  structure. 

This  technology  is  realized  using  the  arc-contact  wel¬ 
ding  control  unit  and  corresponding  power  supply  de¬ 
veloped  by  the  Institute,  as  well  as  the  HBS  (Germany) 
vzelding  gun  RMN-80  with  some  modifications  made  in 
it.  Tire  Company  supplied  also  expansion  bolts  and  ce¬ 
ramic  v/ashers  the  production  of  which  now  in  Ukraine 
is  not  cost  effective. 

The  technology  and  equipment  supplied  by  the 

E. O.Paton  Electric  Welding  Institute  were  employed  for 
welding  expansion  bolts  prior  to  concrete  placement  for 
construction  of  a  large-span  garage  building. 


SC!ENTiFIC-AND-TECHNICAL  PRINCIPLES  FOR  AS¬ 
SURING  RELIABILITY  AND  SAFETY  OF  WELDING 
EQUIPMENT  AND  GAS  FEED  SYSTEMS  USED  FOR 
FLAME  TREATMENT  OF  METAL  STRUCTURES.  O.E. 
Kapustin  (VNIIavtogenmash,  Moscow,  Russia).  Met¬ 
hods  of  flame  treatment  of  metals  (FTM)  include  more 
than  30  widely  applied  processes  based  on  the  use  of 
high-temperature  flame  heat  sources.  The  range  of  the 
FTM  equiprrrenf  is  very  wide  and  includes  thousand.s  of 
types.  This  equipment  is  fire  and  explosion  hazardous. 
Analysis  of  causes  of  an  increasing  number  of  accidents 
associated  with  performing  welding  operations  allows  a 
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AHa/iM3  npMMMit  yMacTHBUJUXcn  b  nocfleAiine  roflu  ana- 
pMM  ofiopyflonauHn  m  HecHacTHWx  c/iynacB  na  npon3- 
BOflCTBe  npM  Bwno/iHeHnn  rasonnapo’iHbix  pa6oT  no3- 
BO/’Ber  yTBep>K/iaTb,  hto  saAa'-ia  o6ecneMenMB  6e30- 
naoHOCTM  npn  TOM  jis/ifieTCB  Becbwa  aKTya.nbHoii. 

Eg  peiLieHHG  r>cyLU,ecTB/)B/iocb  Ha  ochobg  aHann3a  pe- 
3y.nbTaTOH  KOMnaGKCHbix  MccBGfloBanHM  nponeccoB  ro- 
peHMB,  pacnpocTpaiieHMB  m  rauieiiMfi  nnaMenH,  csa- 
poMHbix  CMeoefi,  npHHUHnoB  4)yHXUH0HnpoBaHHf!  aa- 
lUMTHblX  yCTpoiiCTB,  MOflGBl'ipOBaHHB  omUManbHblX 
CMCTGM  6e30naOHOOTM  H  KOHCTpyKTHBHO-TeXHO/lOrH- 
HGOKMX  CXGM  aBGMGHTOB  o6opyflOBaHMB,  KDMMyUMKa- 
m  mctohhhkob  rasonuTai-iHB. 

Mocae^ioBaHMe  npopeccoB  cfiMabTpam/ioHHoro  ropeHHB 
cBapoMHbix  CMGCGM  nosBOBnao  onpep,e/iiiTb  cnocoSb!, 
cpeACTria  h  onTHMaabUbie  napaMSTpbi  npepbisaHiiP 
(oTceKaHiifi),  oCecne'-iMBaioij.iHe  ycaoBMa,  McKJiioMara- 
IHHG  BO3M0>KH0CTb  BTOpM'IHOTO  BOCn/lcIMOHGHHB  TOpiO- 
MMX  cMGceM  B  3aiHMtnaeM0M  o6vieKTe. 

CepuHHbie  aKcnepuMGHTa/ibHhie  cTeHAORbie  h  noAesbie 
MCCilGAOBaHHB  noaDOAMAH  C  BbICOKOH  TO'IHOCTbiO  ycTa- 
HOBHTb  6blCTpOflGMCTBMe  BCeB03MOX(HblX  SaiUHTHblX 
CMCTGM  (yCTpOMOTB)  MeM6paHHOrO  M  nopLUHGPOro  TM- 
nOB,  onpDflGBMTb  COOrBGTCTByiOlAMG  SaKOHOMGpHOCTM  H 
pacHGTHhiG  saBMCMMOCTM  MHJKeaepMO-npuicnaAHoro  xa- 
paxTepa,  axaioKe  paapaSoraTb  KOMoneKO  HayMHO  c6ocho- 

BaHHhlXTeXHMMeCKMX  Tpe6oBaHMM  KKOHCTpyKTMBHO-TGXHO- 

JloniHGCKMM  peUIGHMflM  paSAMTHblX  CpGACTB  SaUAITbl  CBa- 
pOHHoro  o6opyAGBai!MB  M  cMCTeM  rasonuTaHMB. 

Ha  OCHOBG  o6o6mGHHOM  603bl  CTaTMCTMHGCKMXAaHHblX 
M  npMMGiieiiHoro  i<HA/?OP-aHaBM3a»  npoMBBOAGHo 
nOCTpOGHMe  JlorMKO-BepOBTHOCTHhlX  CXGM  BC)3HMKHO- 
BGHMB  aBapMbi  CnOC06oM  «AGpeBbeB  0TKa30S»,  CORCp- 
xaiAMx  Bce  anaHMMbie  cpaxTopbi  m  mx  BsaMMOAeticTBHB 
(BbixoA  M3  cTpoB  aanopnoM  m  peryaMpyiouiGM  apwary' 
phi,  KOMMyMMKauMM,  npM6opoB,  6jioKMpoBOK,  neno/iaA- 
KM  cBapoMHoro  M  peaaTGnbHoro  oSopyAOBauMB  m  t.  A')i 
c  yneTOM  MHcjiapMaHMM  o6  OTHOCMTCabHO  B03MO)KHblX 
oiiiwfiKax  onepa'TopoB  (cBapiJi,MKOB),  nonyMOHHofl  b  pe- 
sy^jibTaTG  aHaanaa  iXMCTOMbt  MGaoUGK-MaiUMHa  npo- 
AGCCOE  rOM.  3tm  peayabTaTbi  nosBoaMAM  c  bucokhm 

ypOBlIRM  AOCTOBGPHOCTM  OnpGAGAMTb  30Hbl  nOpaXCG- 
HMM  aJib  Bcex  bmaob  aBapHM  (BspwBbi  ropioHMX  coapoH- 
HblX  CMGCGM,  paSAGT  OCKOAKOB,  c}jaKeAbHOe  ropeHMG 
CTpyM  raaoB  m  np.),  xapaicTepubix  aaa  ocuonMbix  tgx- 
MOAOrMMeCKMX  npOUGCCOB  CeapKM  M  peSKM,  npMMGHB- 
GMbix  npM  npoM3E0ACTBe,  MOHTa>i<e  M  ASMOHTax<e  ceap- 
HblX  KOHCTpyKUMM.  OripeAGAGHhl  TpefiOBaHMA  K  HHAeX- 
HocTM  pa3pa6oTaHHbix  cMoTGM  aaiAMTbi,  o6ecne'tMBa- 
lOlUHX  npMOMAGMblM  ypOBGHb  pMCKa  M  OOTHMaAbHOe 
coHGTaiiMe  3aU4HTHbix  ycTpoi^cTB,  rapaHTMpyioiUMe  yc- 
AOBMA  AOOTaTOAHOCTH  ypOBHB  6e30naCH0CTM  CMCTeM 
rasoAMTai-iMB. 

PeayAbTaTbi  pa6oT  saiAMLUGHbi  HeTbipbMA  naTGHTaMM; 
pa3pa6oTaHbi  36  bmagb  3aiiJ.MTHbix  ycxpoMCTB;  noAco- 
TOBAGHa  CMCTGMa  COOTBeTCTByiOlAGM  HOpMaTMBHO-TGX- 

HMHecKoti  AOKyMGHTauMM  {fOCT  P,  Pfl,  riM,  MY). 

BJ1I19IHME  yCM/lM5J  OKATMfl  3J1EKTPOAOB  HA 
tpOPMMPOBAHME  CBAPHOii  TOMKM  HPH  KOH- 
TAKTHOil  CBAPKE.  B.  M.  Ko/iocoB,  R.  A.  TopenmoB, 
P.  A.  MycuH  (Toe.  TexH.  yn-T,  r.  PepMb,  P0;  AO  «nep- 
MCKne  MOTopbix,  r.  HepMh,  P0j.  Ycmamg  oxaTMB  dagk- 

TpOAOB  npM  KOHTaKTHOM  TOAG'IHofi  CBapXG  BBAAGTCR  OA' 
HMM  M3  OCHOBHbIX  napaMGTpOB,  BAMSAOtHMX  Ha  paSMGpbl 
M  cfiopMy  CBapnoM  tohkm.  Kax  noxasanM  naiHM  mccag- 


conclLision  that  the  problem  of  assuring  safe  FTM  is 
extremely  pressing. 

This  problem  has  been  approached  on  the  basis  of  ana¬ 
lysis  of  results  of  comprehensive  investigations  of  the 
proce.sses  of  burning,  propagation  and  extinguishing  of 
flame,  welding  mixtures,  principles  of  functioning  of  sa¬ 
fety  devices,  modsliing  of  optimal  safety  systems  and 
design-technological  diagrams  of  elements  of  equip¬ 
ment,  service  lines  and  gas  feed  sources. 

Investigation  into  the  processes  of  filtration  burning  of 
welding  mixtures  made  it  po.ssible  to  identify  methods, 
means  and  optima!  parameters  of  shutting  off  (cutting 
off),  which  provide  conditions  for  elimination  of  the  prob¬ 
ability  of  secondary  inflammation  of  fuel  mixtures  in  an 
object  protected. 

Series  experimental  rig  and  field  studies  allowed  res¬ 
ponse  of  diverse  safety  systems  (devices)  of  the  mem¬ 
brane  and  piston  type  to  be  determined  with  a  high 
accuracy,  appropriate  principles  and  calculation  de¬ 
pendencies  of  an  engineering-applied  character  to  be 
identified  and  a  package  of  the  scientifically  grounded 
specifications  for  design-technology  solutions  to  be  de¬ 
veloped  for  various  safety  means  for  welding  equipment 
and  gas  feed  systems. 

The  logically  probable  accident  diagrams  were  plotted 
by  the  "failure  tree"  method,  using  the  generalized  base 
of  statistical  data  and  the  “HAZOP'’-analysis.  The  diag¬ 
rams  contain  all  significant  factors  and  their  interactions 
(failure  of  stop  and  control  valves,  service  lines,  instru¬ 
ments,  locking  devices,  malfunction  of  welding  and  cut¬ 
ting  equipment,  etc.),  allov/ing  for  the  information  on 
probable  mistakes  of  operators  (welders),  which  is  ob¬ 
tained  as  a  result  of  analysis  of  the  "man-machine” 
.system  for  the  FTM  processes.  These  results  made  it 
possible  to  define  at  a  high  confidence  level  the  weak 
zones  for  all  types  of  accidents  (explosions  of  fuel  wel¬ 
ding  mixtures,  scatter  of  fragments,  flamie  burning  of 
gas  jets,  etc,),  which  are  characteristic  of  the  basic  pro¬ 
cesses  of  welding  and  cutting  employed  in  fabrication, 
erection  and  dismantling  of  welded  structures.  Requi¬ 
rements  for  reliability  of  the  developed  safety  systems 
were  defined  to  provide  an  acceptable  level  of  risk  and 
optimal  combinations  of  safety  devices  and  guarantee 
conditions  for  the  sufficiently  safe  level  of  operation  of 
the  gas  feed  systems. 

The  work  results  are  defended  by  four  patents,  36  types 
of  safety  devices  have  been  developed  and  the  system 
of  appropriate  regulatory  technical  documents  has  been 
worked  out  (GOST  R,  RD,  PM,  MU), 


EFFECT  OF  ELECTRODE  COMPRESSION  FORCE  ON 
FORMATION  OF  THE  WELD  NUGGET  IN  RESISTAN¬ 
CE  WELDING.  VJ. Kolosov,  P.A.Gorellkov,  R.A.Musin 
(Perm  State  Technical  University,  Perm,  Russia;  Stock- 
Holding  Company  “Perm  Motors”,  Perm,  Russia).  The 
electrode  compression  force  in  spot  resistance  welding 
is  one  of  the  basic  parameters  affecting  the  shape  and 
size  of  the  weld  nugget.  As  proved  by  our  investigations, 
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flOBaHMfl,  He  TO.nbKO  ypOBGHb  yCHHHfl  CXaTHfl,  HO  H 
nporpaMMtipoeaHHoe  MSMeHeiwe  ero  HenocpeflCTBen- 
Ho  B  nponecce  ceapKH  oKasbiBam  cymecreeRHoe  b/ih- 
BHue  Ha  ({)opM006pa3OBaHMe  /imtopo  Bflpa.  npoesfleH- 
Hbie  3KcnepnMeHTbt  no3Bo;inaH  ycraHOBHTb  HexoTopue 
aaBHCMMOCTM,  xapaKTepusysotuMe  KojiHMecTBeHnoe  co- 
oTHoiueHHe  yeejii/iHeHUB  odteMa  pacnaaB/ieHHoro  Me- 
Tanaa  Bflpa  h  xapaKTepa  peryjinpoBaHHP  ycH/iHB  cxa- 
TMB.  TaK,  HanpwMep,  npw  AOCTaTOHHo«MBrKHx»  pexuMax 
CBapxM  CTa/iH  MapKM  12X18H10T  TOiiLpHnoJ^  (2  +  2)  mm 
n  nporpawiMMpoBaHHOM  ycH/iHM  cxaTna  npn  npoHHX 
paBHbix  yc/ioBMBX  yBejiMHeHne  o6‘bGMa  Jimoro  Bflpa 
AOCTHra/io  65  %.  npn  «xecTKHx»  pexMMax  3tot  rioxa- 
sareAb  6biB  HecxoBbKo  MenbiiiHM.  OflHOBpeMeHHo  c 
yBefiHHeHneM  pasMepoB  BAPa  noBbauaercB  raicxe 
npOHHOCTb  COeflMHSHMB.  flpW  MCnblTaHHBX  Ha  cpe3  o6- 
paauoB  m  cia/iM  wapKM  SOXFOAtobimhhom  {2  +  2)  mm, 
CBapeHHbix  ofibiHHbiM  cnocoBoM  M  c  nporpawMHpye- 
MbiM  ycHAHeM  cxaTHB,  oTMenanocb  noBbiiueHi/ie  npoH- 
HOCTH  nOCJieAHHX  B  CpeflHBM  Ha  20  %  npH  OflllHaKOBWX 
pasMepax  tohkh. 

AHajiorHHHbie  Mcc/ieflOBaHHfl  c  npiiMeHeHi/ieM  o6pa3- 
poB  MS  xcaponpoHHbix  M  xapocToiiKMX  cta/ieii,  naxeTOB 
M3  HeCKOJIbKMX  JIMCTOB  paBHOM  M  paSBMMHfalX  70BUJ,MH  M 
T.  A'  Taioxe  noxasaaM  yseaMHeHMe  o6-beMa  MeTaaaa  ba- 
pa  npM  McnoAbaoBaHMM  MSMeHBioiAerocB  ycMAHB  Ha 
sAexrpoAax. 

AHaAM3  onbiTHbix  ASHUbix  nosBOBMJi  cAeaaTb  cBGAyio- 
mMe  BbiBOAbi; 

•  Ha  t(>opMMpoBaHMe  ceapHoro  coeAMHeHMa  npw  koh- 
TAKTHOM  TOHeHHOM  CBapxe  CyiUeCTtieHMOe  BAMBHMe  oxa- 
3b!BaeT  HeTOHbKoypoBeHb,  ho  Mxapaicrep  npMAOXceHMB 
CBapoHHoro  ycMAMB; 

•  npou,ecc  KOHjaxTHoi^  TOHeMHoCi  cBapKH  caeAyeT  pac- 
cMaipHBaTb  He  xax  cyry6o  Ten/ioBofi,  a  KaxTepwoMe- 
XaHMHeCKMM  nponecc,  BKBlOMaiOLJAMM  ACfflOpMaLlMOH- 
Hbie  BBAeHMB; 

•  cxoACTBOTBMnepaTypHbix  M  AetJJOpMauMOHHbix  noAeti 
CBMAeTSAbCTByeT  O  MX  CBB3HOCTM  B  yCAOBMBX  KOHTaK- 
THOM  CCapKM; 

•  nyreM  MSMeHeHUB  ycMAwa  cxaTMB  3A3i<tpoaob  He- 
nocpeACTseHHo  b  npouecce  csapKM  mo>xho  3ct)(t)eKTMB- 
Ho  BAMBTb  Ha  npopecc  paaBMTMB  Ae4>opManMM,  a,  cae- 
AOBaxeAbHo,  M  Ha  npouecc  (fjopMMpoBaHMB  Tewnepa- 
TypHoro  noAB,  hto  noseoABeT  e  KoneMHOM  WTore  noAy- 
Haxb  6oAee  paasMToe  AMXoe  BAPO- 

PELUEHME  nPOBJlEMIbl  CBAPKM  C>!<ATOM  flYrOK 
KOHCTPyKHMil  M3  3ArOTOBOK  C  MECMWSMET- 
PMMHblM  TEn/lOBOflOM.  A.  H.  KopHi^eHKO,  H.  A. 
MaKapenKo  (IAh-t  ejieKrpocBapKui  mm,  E.  O.  PafoHa, 
r.  KmB,  VKpaHHa).  Ochobhum  npeMMymecxBOM  naas- 
MenHo-AyroBoti  CBapKM  BBABexoB  noBbimeHHaB  npon- 
aaBABWUAaB  cnOCOSHOCXb,  MXO  oO-hBCHBeXCB  KOHUieHX- 
pauMeM  xeriAoBOM  sneprMM  b  axxMBUbix  naxuax  m  cxoA6e 
AyxM,  a  xatoxe  AaBaeHMeivi  naasMeHHO-raaoBoro  noxoxa 
Ha  Mexaaa  eaHHbt.  B  onpeAeaeHHOM  AnanaaoHe  asmo- 
XBMB  3XHX  (JiaKXOpOB  npOUeCC  CBapKM  OCyUHeCXBABGXCB 
CO  CKB03KblM  npOHAaBAGHMeM  C  BbIXOAOM  nOXOXa  HG- 
pe3  aho  BaHHbi,  Hxo  orpaHMHMBaex  npMMGHeHMe  noA- 
KAaAXM.  Ox  ujMpMHb!  (MAM  AHaMGxpa)  o6pa3yiomerocB 
C  oSpaXHOM  CXOpOHbl  BaHHbi  OXBepCXMB  SaBMCMX  pa3- 
Mep  npOBMCaHMB  MeXaAAa  eaHHbl  M,  CAGAOBaXGAbHO, 
(JjopMa  i.UBa.  OxKAoHGHMe  oAHoro  m3  napabiexpoB 
cSopKM  M  peXCMMa  CBapKM  MOJKGX  npMBGCXM  K  Aett’GKxy 
HGCriAaBAGHMB  KpOMOK.  BblAM  BbinOAHGHbl  MCCAGAOBa- 


it  is  not  only  the  level  of  the  compression  force  but  also 
its  programmed  variation  directly  during  welding  that 
have  a  fundamental  effect  on  formation  of  the  cast  weld 
nugget.  The  experiments  conducted  made  it  possible 
to  determine  some  dependencies  that  characterize  the 
quantitative  relationship  between  increase  in  volume  of 
the  molten  metal  in  the  nugget  and  character  of  regu¬ 
lation  of  the  compression  force.  For  example,  under 
sufficiently  “soft”  conditions  of  welding  of  steel 
12Kh18N10T  (2  +  2)  mm  thick  and  w'ith  a  programmed 
compression  force,  other  conditions  being  equal,  an 
increase  in  volume  of  the  weld  nugget  amounts  to  65  %. 
Under  “rigid"  welding  conditions  this  indicator  is  a  bit 
lower.  At  the  same  time,  an  increase  in  the  nugget  size 
is  accompanied  also  by  an  increase  in  strength  of  the 
welded  joint.  Shear  tests  of  samples  of  steel  SOKhGSA 
(2  +  2)  mm  thick  welded  by  the  conventional  method 
and  with  the  programmed  compression  force  showed 
an  increase  of  approximately  20  %  in  strength  of  the 
latter,  the  nugget  size  remaining  unchanged. 

Similar  investigations  using  samples  of  heat-resistant 
and  high-temperature  steels,  stacks  of  several  sheets 
of  the  same  and  different  thickness,  etc.  also  showed 
an  increase  in  volume  of  the  nugget  metal  in  the  case 
of  using  variable  force  at  the  electrodes, 

Analysis  of  the  experimental  data  allowed  the  following 
conclusions: 

•  formation  of  a  welded  joint  in  spot  resistance  welding 
is  fundamentally  affected  not  only  by  the  level  but  also 
by  the  character  of  the  applied  welding  force; 

•  spot  resistance  welding  should  be  regarded  not  as  a 
purely  thermal  process  but  as  a  thermomechanical  pro¬ 
cess  that  involves  deformation  phenomena; 

•  similarity  of  temperature  and  deformation  fields  is  in¬ 
dicative  of  the  relationship  between  them  under  condi¬ 
tions  of  resistance  welding; 

•  the  process  of  development  of  deformation  and  thus 
the  process  of  formation  of  the  temperature  field  can 
be  sub.s1antially  affected  by  varying  the  electrode  com¬ 
pression  force  directly  during  the  welding  process, 
which  leads  to  formation  of  a  more  developed  weld  nug¬ 
get, 


SOLUTION  OF  THE  PROBLEM  OF  CONSTRICTED 
ARC  WELDING  OF  STRUCTURES  MADE  FROM  BIL¬ 
LETS  WITH  ASYMMETRIC  HEAT  REMOVAL.  A.N. Kor¬ 
nienko,  N.A.Makarenko  (E.O.Paton  Electric  Welding  In¬ 
stitute,  Kyiv,  Ukraine).  The  main  advantage  of  plasma- 
arc  welding  is  an  increased  penetrating  power,  which 
is  attributable  to  concentration  of  thermal  energy  in  the 
active  spots  and  arc  column,  as  well  as  to  pressure  the 
plasma-gas  flow  exerts  on  the  weld  pool  metal.  Within 
a  certain  range  of  action  of  these  factors  the  welding 
process  results  in  througli  penetration,  making  the  flow 
go  out  through  the  pool  bottom.  Under  such  conditions 
the  use  of  a  backing  plate  involves  difficulties.  The  size 
of  sag  of  the  pool  metal  and  thus  the  weld  shape  depend 
upon  the  width  (or  diameter)  of  a  hole  formed  in  the 
back  surface  of  the  pool.  Deviation  of  one  of  the  para¬ 
meters  of  assembly  or  welding  can  lead  to  a  defect  in 
the  form  of  lack  of  fusion  of  the  weld  edges.  Investiga¬ 
tions  were  conducted  to  study  the  possibility  of  elimi- 
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HMfi,  HanpaBneHHue  na  ncKmoHeHMe  flectseicroB  (fsop- 
MiipoBaHun  LUBa  npn  coxpanGMHM  buookom  nponaaB- 
/iBtoiueii  cnoco6MocTH,  a  raoce  c  neabto  paoiiinpeHUB 
T/noB  CBapMBaeMbix  coeflHHeHuCi  n  (fiopM  aaroTOBOx. 
p,m  yflepxcaHMB  Mexajiaa  Bam-ibi  unw  noMoimi  4)opMH- 
pyiounMX  noflKBa;ioK  np0AJiox<eHO  BbinoauBTb  npouecc 
CBapKM  c  oTioioHeHMeM  ocM  ropeaxM  TaxuM  o6pa30M, 
HTofihi  nnasMeHHo-raaonbiii  noxoK,  Bbixoflammi  coflHa 
BaHtibi,  6bia  nanpaBJiGH  enepefl  no  KawanKG  noAKnaRKw. 
TaKMM  o6pa30M,  ynanocb  naMennTb  TpeSyeMwfi  ro- 
nycK  K  aaaopy  mgxcav  xpoMKawn.  B  MacTnocTU,  npi! 
CBtapKe  cTbiKOBiiix  ujbob  npoTBxeiiHbix  noaoTHHin  m 
o6e4aeK  nrj  AMrS  toalumhom  6...  10  mm  pasMep  aasopa 
MOxeT  KOJieOaTbCB  or  0  flo  3  mm, 

BosMOXHocTb  OesAetfieKTHoro  cfiopMupoBaHUB  aiaa 
npM  noBbiuiGHHbix  rennoBOM  mouihooth  Ayf^i  ^  Hanope 
noTOKa  no.3eoAPAa  npuMeHUTt.  npouecc  npw  oeapKe 
annaparnbix  aaxMMOB  (KonraxTHbix  naKOHeBHMKOB)  pjn^\ 
BbIGOKOBOAbTHbIX  nepGAaM.  3tO  H3AGBMe  coc- 
TOHT  M3  Asyx  SarOTOBOK  —  OMeAHeHHOCi  aAlOMMUHGBOM 
nnaCTMHbl  XOAiUMHOM  6  MM  M  aAlOMMHMeBOM  OIXaMRO- 
BaHtlOM  ABTaAM  T-o6pa3HOM  (t)0pMbl  XOAUjiMHOfi,  iipe- 
0b!iuaioa(eM  nAacxMHy  b  2  pasa.  npuBapnxb  rmaoxnny 
K  noBKG  LUMpMnoM  10. ..12  MM  (liixaMnoBaHHOM  AexaxiM) 
VAa/iocb  nAasMeHHOM  AyroM  c  nporpaMMMpoHanHbiM 
nAaBneuMGM  n  M3MeHGHMGM  CBapoBHoro  xoxa  ox  1 50  A 
B  HanaAe  mea  ao  220  A  k  cepeAMne  m  ao  120  A  k  kohuv 
coeAMHGMMfl.  ^jiMMa  lUBa  OABOM  Asxa/in  cocxaBAaaa 
100  MM.  B  npOM.XBOACXDGIIHblX  yCBOBMflX  B  KOHAYKTOpG 
co6Mpaiox  M  CBapMBaiox  «oahmm>'  npoxnxcGHHWM  iabom 
cpaay  20  annapaxHwx  3a)KMM0B. 
ripn  niiasMGHHo-AyroBOM  CBapxG  co  cKBosBbiM  npon- 
jiaB/iGMMGM  na  nepGMGHHOM  xoKG  oKCMAwaB  nAonxa 
paspyiuaexcB  xax  aa  cmox  KaxoAHoro  pacnbiAGHMs,  xax 
M  MGxaHMMecKM  —  HOA  HanopoM  oBasMeHno-raaoBoro 
noxoxa,  3to  npoMMymecTBo  npouecca  nonoabsoBaHo 
npM  MaroXOBAGHMH  COeAMlieHMlI  C  XeXHOAOrMBeCKMMM 
OypxaMM.  B  HacxHocxM,  xaxoe  coeAMneiiMe  Mcnonbay- 
excB  npM  Bnapxe  ctJJiaHueB  aiokob  b  OaxM  b  xex  cayManx, 
KOXAa  Aocxyn  k  coeAMnenMio  c  o6paxHOM  cxopoHbi  hg- 
B03M0XQII.  Pa3pa6oxaHa  nporpaMMa  naMcneHMa  na- 
paMoxpoH  pexMMa  o  ynexoM  BapbMponanuB  b  npouec- 
CG  CBapKM  xenaoHacbiineHMB  m  aasopa  cxbixa. 

COBPEMEKHbSE  CnOCOBbI  MECTHOM  TEPMOOB- 
PAEOTKM  CBAPHbIX  COEflUHEHMM  TPVBOnPO- 
BOAOE  BOJJbUIMX  AMAMETPOB.  H.  M.  KoponhKon 
(OAO  «BHMHMOHTaxcnencTpoti»,  r.  MocKsa,  P0). 
Mecxnan  xepMooOpaOoxKa  cBapHbix  coGAMBenMM  xpy- 
OonpoBOAoB  6cabiiiMX  AMaMGxpon  {1200... 2000  mm),  a 
xaioKB  (B  HeKOTopbix  caynaBx)  cocyAoe  xex  xe  AnaMe- 
xpoB,  pa6oTaiouiMx  noA  AasAGHMeM  b  noaesbix  ycao-  j 
BHBX,  BBanexcB  xexuoAornBeoKOM  onepauneM,  xpe6y- 
loi-UGM  cnoxcHoro  o6opyAOBaHMB  m  bhcokom  KBaaMcf)M- 
KauMM  nepcoHaaa.  flnq  xaKOM  xepMOoOpaOoxKM  Boa- 
MoxHo  npMMeHGHne  MHAYKHMonnoro  HarpoBa  xoxaMM 
cpGAHeti  nanxoxbi  (1000,. .2500  Tu),  Bxo  xoxe  TpG6yex 
cAOXHoro  M  AoporoGXonmero  oGopyAOBani-iq.  KpoMe 
xoro,  B  noAGBfaix  ycAOBMBX  ero  McnoAbsonai  img  aaxpyA- 

HMXeAbHO  B  CBBSM  C  HeoGxOAMMOCXbtO  iipUMeneHUB  BO- 

AAHoro  oxnaxASHMA. 

B  HacxoBiuee  bpgmb  b  cmcxgmg  PAO  «ra3npoM»  npn 
MOAepHMsanMM  (peKypnepanMM)  raaoxoMnpGccopHbix 
cxanuMM  MGCXHOM  xopMooSpaGoxKG  no  pexMMy  bwco- 
Koro  oxnycKa  noABopraiox  cBapHwe  cogamhgiimb  xpyG 
pasMGpoM  1220(1 6... 22)  mm  m3  cxann  Mapxn  12XM 


_ WELDED  STRUCTURES 

nation  of  the  weld  formation  defects  by  maintaining  the 
penetrating  power  at  a  high  level,  as  well  as  to  expand 
the  range  of  welded  joint.s  and  shapes  of  billets. 

To  maintain  the  pool  metal  using  the  forming  backing 
plates,  it  was  suggested  that  the  welding  process  should 
be  performed  with  a  deviation  of  the  torch  axis  in  such 
a  way  that  the  plasma-gas  flow  going  out  from  the  pool 
bottom  is  directed  forward  along  the  groove  in  the  bac¬ 
king  plate.  This  helped  change  the  required  allowance 
for  the  gap  between  the  edges.  In  particular,  in  butt 
welding  of  extended  panels  and  shells  from  alloy  AMG6 
6-10  mm  thick  the  gap  size  can  vary  from  0  to  3  mm. 
The  possibility  of  the  defect-free  weld  formation  at  an 
increased  heat  power  of  the  arc  and  pressure  of  the 
flow  allov/ed  the  process  to  be  employed  for  welding 
terminals  (contact  clamps)  of  the  high-voltage  trans¬ 
mission  lines.  Such  a  piece  con.si.sfs  of  two  billets:  cop¬ 
per-covered  aluminium  plate  6  mm  thick  and  T-shaped 
aluminium  stamped  piece  having  thickness  2  times  as 
large  as  that  of  the  plate.  The  plate  was  welded  to  the 
flange  10-12  mm  thick  (stamped  piece)  by  the  plasma- 
arc  method  with  a  programmed  penetration  and  varia¬ 
tion  of  the  welding  current  from  150  A  at  the  weld  be¬ 
ginning  to  220  A  in  the  middle  and  then  to  1 20  A  at  the 
end  of  the  welded  joint.  The  weld  on  one  piece  is 
100  mni  long.  Under  industrial  conditions  20  terminals 
at  a  time  are  assembled  in  a  rig  and  welded  with  one 
extended  weld. 

Pla.sma-arc  welding  with  through  penetration  at  the  al¬ 
ternating  current  results  in  break  of  an  oxide  film  cau.sed 
both  by  cathode  sputtering  and  mechanical  effect  of 
pressure  of  the  plasma-gas  flow.  This  advantage  of  the 
process  was  used  for  making  the  joints  with  technolo¬ 
gical  shoulders.  In  particular,  such  a  joint  is  utilized  in 
welding  port  flanges  to  tanks  in  such  cases  where  there 
Is  no  acce.ss  to  the  back  side  of  the  joint.  The  program 
of  variation  of  the  process  parameters  allowing  for  va¬ 
riations  in  heat  .saturation  and  joint  gap  during  welding 
is  available. 


ADVANCED  METHODS  FOR  LOCAL  HEAT  TREAT¬ 
MENT  OF  WELDED  JOINTS  IN  LARGE-DIAMETER 
PIPELINES.  P.M. Korolkov  (Open  Stock-Holding  Com¬ 
pany  •VNIIMontazhspetsstroj"  Moscow,  Russia).  Local 
heat  treatment  of  welded  joints  in  pipelines  of  large  dia¬ 
meters  (1200-2000  mm)  and  pressure  vessels  (in  some 
cases)  of  similar  diameters,  performed  uhder  field  con¬ 
ditions,  is  a  complicated  technological  operation  which 
requires  a  sophisticated  equipment  and  highly  skilled  per¬ 
sonnel.  Such  treatment  can  be  realized  using  induction 
heating  at  medium-frequency  currents  (1000-2500  Hz), 
which  also  requires  sophisticated  and  expensive  equ¬ 
ipment,  In  addition,  its  application  under  field  conditions 
is  complicated  by  the  need  of  using  water  cooling. 

At  present  the  Russian  Joint-Stock  Company  "Gazp¬ 
rom”  is  in  process  of  upgrading  (recuperation)  of  their 
gas-pumping  stations.  For  this  they  subject  v/elded  jo¬ 
ints  in  pipes  1220  (16-22)  mm  made  from  steel  12KhM 
supplied  from  Italy  to  local  heat  treatment  by  the  high 
tempering  conditions.  In  Kazakhstan,  in  construction  of 
the  Zhanazholsky  Gas- Processing  Plant,  to  increase 
corrosion  resistance  of  gas  pipelines  local  heat  treat- 
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MTa/ibHHCKoti  nocTaBKH.  B  KaaaxcTaHe  npin  CTpoMTerib- 
OTBG  XanaxconbOKoro  ra3onepepa6aTbiBaioLLi,ero  aaao- 
fla  c  ue/ibto  noBbsmeHUR  Koppoai'ioHnoti  ctomkoctm 
MecTnyto  TepMoo6pa6oTKy  no  pextiwy  BucoKoro  ot- 
nycKa  nponoflfiT  csapubix  coeflUHenvw  raaonpoBO- 
flOB  pasMGpoM  1420(14.. .22)  mm  m3  crajiM  MapKH 
09r2C, 

flan  Bbino.nHeHMn  yKasaHUbix  paOoT  e  OAO  «BHMMmoh- 
Ta>KoneucTpon»  paapaOoxaHa  TexHo/iorna  wecTHoil 
xepMoogpaOoTKM  cBapiiwx  coGflMHSHufi  xpyOonpoBo- 
flOB  fluawexpOM  1220. ..1420  mm  c  nononbaoeaHneM 
xpex  ceKUMM  snexxpoHarpeBaxe/ieti  KowOnHupoBaHHo- 
ro  flGMCXBViB  K3H-4-3  eAUHU'iHotl  MoipHooxbio  23  xBx 
(XOK  300. ..330  A),  napa/i/iejibHO  npucoeflniweMbix  k 

ncxoBKMxy  nuxauMB  —  cBapo’-inoMy  xpaHcd^opMaxopy 

Tflcl5X-1002.  Pa.3pa6oxanHaq  xexHoaoma  oSecneMii- 
aaex  paBHOMepHocxb  narpesa  no  oKpyxBocxti  n  fl/isiHe 
ceapHoro  coeflHHenMsi  npn  yflejibnon  moluhogxh  Har- 
pesa  5...6  Ex/cm^,  anaanxeabHo  yMevibiuaexxen/ioBWG 
noxepn. 

Ha  BxopoM  axane  onwxHbix  pa6ox  paapaOoxai'bi  flee 
xexHoaornu  xepMooOpaOoxKn  no  pexiiMy  Bbicoxoro  ox- 
nycxa  c  HarpeBOM  flo  600  ‘C  flan  cBapHbix  coGfli/ineanil 
xpySonpoBoflOB  fluaMexpoM  1620. ..2020  mm  cxoaipn- 
Hofi  cxenKM  flo  25  mm.  Fid  ofiHofi  xexHO/iornn  4-6  cex- 
Uufi  K3H-4-3  napaa/ieabHO  npHcoeflnunfox  k  hcxob- 
HMKy  nwxaHun  (ceapoMHOMy  xpaHccpopMaxopy  TA<+>X- 
2002),  no  flpyroM,  —  ncnoabsyiox  flBa  xpaHcbopMaxo- 
pa  TA<J)X-1002,  K  Ka>KflOMy  H3  Koxopwx  napa/i/iejibKO 
noflcoeflMHarox  noflse-xpn  cexpHn  K3H-4-3.  dpn  gxom 
oOecneMMBaexcKyfleabHan MOLu,Hocxb6...7 Bx/cm  , he- 
o6xoflHMaa  paBHOMepnocxb  narpeea  no  oKpyxHocxn  n 
fljiMHe  cBapHoro  coefluneHHn,  cHnxcatoxcn  xenaoBwe 
noxepn. 

npMMeiieHHe  xpauccpopMaxopoB  Tfl<tiX-1002  m 
Tfl0X-2OO2  noaeoanexaerKO  aBXoMaxnaHpoeaxb  npo- 
necc  xepMoo6pa6oxKH  c  McnoabSoeaHneM  nporpaw- 
MHbix  ycxpoMcxB  xnna  PMT-26  p  flp. 
flaHHbie  xexHoaorpp  oOeoneaPBaiox  BbicoKoe  KaaecxEo 
MSCXHOM  xepMOo6pa6oxKH  cnyaae  BbinoaHemia  pa6ox 
B  noaeBbix  ycaoBnax,  a  xaioxe  npn  MOHxaxHo-cxpop- 
xeabHbix  p  pGMOHXMbix  paOoxax  b  pa.aaPBUbix  oxpacaax 
npoMb!LuaenHocxp. 

OKOpyflOBAHME  A^5I  AVf OBOfl  CBAPKM  HA  OC- 
HOBE  PESOHAHCHblX  UMKriOKaHBEPTOPOB. 
A.  E.  KopoTbwnmPi  (I/Ih-t  SJieKrpocBapKii  km.  E.  O.  Ha- 
Tona  r.  Khgb,  yKpama).  OOecnGMeHPe  Bbicoxoro  xa- 
HGcxBa  cBapubfx  xoHoxpyxuMP  HepaapbiBHo  censaHo  c 
McnoabsoBaimoM  cospeMeHnoro  xexHoaornaecxoro 
oSopyflOBaHPB,  cnocoOaoro  oOecneaPXb  xpeOyeMwCi 
ypOBGHb  (bopMlIpOBaHPB  CBapHbIX  COGflPHGHUP  BO  BCGX 
npocxpaHCXBeHMbix  noaoxeHwax.  Taxoe  oOopyflosa- 
HPG  floa.xHO  oOecneaHBaxb  naasnyxi  (b  pafle  cayMaeB 
nporpaMMnyw)  peryanpoExy  ceapoaHoro  xoxa,  a  xaxxe 
ero  MOflyanupio,  hxo  ocoOghho  hgoOxoammo  npn  pa- 
6oxax  B  BepxpxaabHOM  n  noxoaoaHOM  noaoxeHMnx. 
Docxoabxy  npopecc  cosflaHPn  csapHbix  xoHcxpyxupp 
oaeHb  aacxo  npopoxoflnx  b  noaeBbix  ycaoBnax,  xoxfla 
flan  paSoxbi  oppMeHnioxcn  Moxop-renepaxopbi,  cBa- 
poHHoe  o6opyflOBaHPe  floaxHO  oxapaaxboa  bmcoxpm 
Knfl  p  cos<p.  3xpm  xpeOoeaHPBM  6oaGe  Bcero  coox- 
BGXoxnyioxcBapo'-mbie  pcxo'-ihmki'i  Ha  ochoeg  MHflyxxpB- 
HO-GMKOcxHbix  npGoOpaBOBaxeaGP. 

CxGMa  oflHoro  P3  bosmoxhux  BapnauxoB  xaxoro  cea- 
poMHoro  annapaxa  paspaOoxaHa  b  H3C  mm.  E,  O.  Ha- 


menl  by  the  high  tempering  conditions  is  done  to  welded 
joints  of  pipes  1420(14-22)  mm  in  diameter  made  from 
steel  09G2S. 

To  perform  the  above  works,  VNilMontazhspetsstroj  de¬ 
veloped  a  technology  for  local  heat  treatment  of  welded 
Joints  in  pipelines  1220-1420  mm  in  diameter  using 
three  sections  of  combined-action  electric  heaters 
KEN-4-3  with  a  unit  capacity  of  23  kW  and  current  of 
300-330  A,  which  are  connected  in  parallel  to  a  power 
supply,  i.G.  welding  transformer  TDFZh-1002.  The  tec¬ 
hnology  developed  provides  a  uniform  heating  on  the 
circumference  and  along  the  length  of  a  welded  joint  at 
a  specific  heating  power  of  5-6  W/cm  and  leads  to  a 
substantial  decrease  in  heat  losses. 

At  the  second  stage  of  experimental  v/orks  two  techno¬ 
logies  for  heat  treatment  by  the  high  tempering  condi¬ 
tions,  providing  heating  to  600  ”C,  were  developed  for 
welded  joints  in  pipelines  1620-2020  mm  in  diameter 
with  a  wall  thickness  of  up  to  25  mm.  According  to  the 
first  technology  4-6  sections  of  KEN-4-3  are  connected 
in  parallel  to  the  power  supply  (welding  transformer 
TDF2h-2002),  and  according  to  the  second  technology 
two  transformers  TDFZh-1002  are  used,  and  2-3  sec¬ 
tions  of  KEN-4-3  are  connected  in  parallel  to  each  ^f 
them.  This  provides  a  specific  power  of  6-7  W/cm  , 
desirable  uniformity  of  heating  on  the  circumference 
and  along  the  length  of  a  welded  joint,  as  well  as  dec¬ 
rease  in  heat  losses. 

The  use  of  transformers  TDFZh-1002  and  TDFZh-2002 
makes  the  process  of  heat  treatment  easy  to  automate 
using  program  devices  of  the  RIT-26  type,  etc, 

These  technologies  ensure  the  high  quality  of  heat  tre¬ 
atment  performed  under  field  conditions,  as  well  as  in 
erection-construction  and  repair  operations  in  different 
industries, 


EQUIPMENT  BASED  ON  RESONANCE  CYCLOCON¬ 
VERTERS  FOR  ARC  W'ELDINO.  A.E.Korotynsky  (E.O. 
Paton  Electric  Welding  Institute,  Kyiv,  Ukraine).  Ensuring 
I  the  high  quality  of  welded  structures  is  strongly  related 
to  the  use  of  advanced  process  equipment  capable  of 
providing  the  required  level  of  formation  of  welded  joints 
in  all  spatial  positions.  This  equipment  should  provide 
a  smooth  (programmed  in  some  cases)  regulation  of 
the  welding  current  and  its  modulation,  which  is  espe¬ 
cially  importanf  for  operations  done  in  vertical  and  over¬ 
head  positions.  As  the  process  of  fabrication  of  welded 
structures  is  very  often  performed  under  field  conditi¬ 
ons,  where  motor  generators  are  used  for  operation, 
welding  equipment  should  be  characterized  by  a  high 
efficiency  and  ooscp.  These  requirements  are  met  to  the 
highest  extent  by  welding  power  supplies  based  on  in¬ 
duction-capacitance  transducers. 

The  E.O. Paton  Electric  Welding  Institute  developed  one 
of  the  alternative  designs  of  a  welding  device,  which  is 
based  on  a  cycloconverler  circuit.  It  allows  the  operating 
frequency  to  be  increased  three  times  (150  Hz).  The 
welding  transformer  (WT)  is  made  with  an  increased 
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TOHa.  B  ee  ocHoay  noaoxena  cxeMa  t^nK/ioKonBepTopa, 
no3Boaqiouiafi  yBeanHHib  pa6oMyio  nacTOTy  b  ipn  paaa 
(150  Pui).  CBapoMHbiCi  TpaHccfiopMaTop  (TC)  Bbino^iHen 
c  yBejiimeHHbiM  MarnuTHbiM  paccGHsaHneM  6;iaroflapq 
paaiiecGHMio  nepBMHHbix  (w,^,  h  BTopuMHoti 

(iVj)  o6motok  Ha  paaHwx  crepxHHx,  riepBUMHwe  o6mot- 
KH  noflicnioHaioTcH  k  rpexcpaaitoCi  nHTaromeCi  csth  hs- 
pea  cfjaaHbie  peryanTopbi  (OP),  BK/HOHenHue  no  cxeMe 
3E)G3/ribi.  KoMMyranHH  pexMMOB  pa6oTbi  OP,  a  Taxxe 
pery/inpoBaHne  CBapoHHoro  Toxa  ocyinecTBBBioTCH 
6jiokom  ynpaBaoHMB  (BV).  Ochobhom  tok  onpefleanex- 
CB  eMKOCTHbiM  peaKTopoM,  nocaeAGBaxeabHO  Bicnio- 
HGHHblM  BO  BTOpilHHbiM  KOHXyp.  MoflyaBUMB  CBapOHHO- 
roTOxa  npoMcxoflUT  no  i^enn  MOflyanpytoinaB  eMKooxb 
-  aaeKTpoHHWM  xaioM,  noflioiKiMeHHbiti  k  6aoKy  ynpas- 
aoHMB  'lepea  MoflyaBxop. 

ripuHHnri  yMHoxeiinB  HacTorbi  CBaponnoro  roxa  cae- 
flytoaiwn.  BV  Oopwi-OV®'''  KoiviaHflbi  ynpaBaem'iB  kom- 
MyiHpyioLUMMM  saeMeimMn  OP  xbkhm  o6pa30M,  hto 
B  KaXflbIM  MOMGHT  BpeMeHM  TOabKO  OflHa  H3  nepBMHHblX 
oSmotok  oKasbinaeTCB  noflxaioHeHHOM  k  nmaroiiieix  ce- 
TH,  CaeflODaxeabHO,  yroa  BKatoHeUBB  no  KiDX^ioti  noay- 
Boane  floaxGH  cocTaeaBib  a  >  120*.  CpeflHeKsaApain- 
HeoKoe  3iiaHenMe  HanpB>KeHi'iB,  fleMCTBytomee  bo  bto- 
puHHow  KOHxype,  onpoAR-n^ieTCB  BhipajxeHMeM 

=  ^UJt.^^  Vo, 5  -  Xj  +  (sin  4  n  t.)/4k  , 

xAe  U^  —  HanpB>KGHMe  oahoPi  m3  ~~  K03ct)4)M- 

AHGHT  xpaifoctjopMaunn  TC;  -Cy  — napaMGXp,  onpGAoaB- 
GMblM  OTHOLUGHPGM  =  tj/T  (t-  —  npOAOa>KmeabHOCTb 
BKaioMeMMB,  nopnoA  HanpB>KeHMB  cgth). 

B  pesyabTaxe  xaxofi  nocaGAOBSTeabHoPi  KOMMyxapnH 
no  BOGM  Oasav.  bo  BXopuMHoPi  penn  naBOAnxcB  HanpB- 
XGHiie  no  Oopwe,  SansKofi  k  xpeyronbHUKy,  a  no 
MacxoxG,  B  xpn  paaa  npeBbiiiiaioLU,ee  nacxoxy  nnxaro- 
lUePi  cexn.  B  axoCi  cbb3h  riaomaAb  cGweHMB  waxHHXon- 
poBOAa  TC  MOXGX  6bixb  coKpaiAGna  b  xpH  paaa.  Taxxe 
yMGHbaiaexcB  pacxoA  mbam,  hxo  o6aerMaGX  Maocy 
xpaHC(f>opMaxopa  b  1,8, ..2,0  paaa. 

McnoabSODaiiMe  peaoHaHca  HanpBxceHi'iCi  bo  BXopiiH- 
HOM  KOHxype  no3BO/iMAo  o6ecne4nxb  Aomaxo'iHo  yc- 
xoiiHMBoe  ropeHne  cBapoHHoP,  AVrn  npn  nanpBXGHHBX 
xoBocxoro  xoAa  b  A^anasoHe  25. ..38  B.  CaapoHUbiM 
xoK  npn  axoM  msmghbgxcb  b  npGAe/iax  40. ..  200  A.  Max- 
cnMa/ihHbiM  XOK  noxpeOaeHBB  no  xaxAofi  B3  He 
npeBbiLuaa  9  A,  a  npt-i  xopoxxoM  saMbixaHHH  AyxoBoro 
npoMGXcyxKa  yMeiibUjaacB  ao  6,5  A.  KoaOti^Hpiieux 
Mou.(Hocxn  npn  MaKcnwaabHOM  xoxe  cooxBexcxBOBa/i 
3Ha*iennio  40,95.  Macca  Maxexa  ncnbixanHoro  ycx- 
poPioxBa  MG  npGBbiiiiaaa  13  xr. 

ynPABJIEHME  COCTABOM  M  CTPYKTyPOtl  LUTAM- 
nOBOil  CTAHM  B  HPOLIECCE  3.nEKTPOlJJJ1AKO- 
BO!)!  HAnAABKM  HEKOMnAKTHbIMM  MATEPMA- 
JIAMM.  O.  r,  KysbMOHKO  (Rh-t  sneKTpocsapm  mm. 
£.  O.  riaroHa,  r.  Kuies,  VKpat^Ha).  LLInpoxo  Hcnoabaye- 
Man  Ha  npeAnpnaxHnx  yxpanHbi  pm  laxaMnoa  ropanerb 
AecpopMMpoBaHi/ia  cxaab  MapxM  5XHM  HMeex  hgaoc- 
xaxoHHyio  xenaocxoilKocxb,  a  xaxxe  hhskhh  yposeHb 
npOHHOOXM  H  H3HOCOCXOMKOCXH  npH  nOBbllilGHHblXXGM- 

nepaxypax,  hxo,  b  xohghhom  Mxore,  npuBOA^x  x  Hnaxofi 
CXOHKOCXH  MMCxpyMGHxa.  (IpoSneMa  yoyry6aaexcf) 
xeM,  HXO  E  HGXoxopbix  iDxaMnax,  MMeK)LLj,MX  rJiy6oKyio 
rpaBiopy,  oxAexibHwe  easaeMeuxbi  noABeprararca  paa- 
jiMHHbiM  BMAaM  M3HamnBaHna:  b  eepxHeCi  naoxH  rpa- 


magnetic  dis.sipation  owing  to  separation  of  primary 
(w,g,  iv^^)  and  secondary  (iVg)  windings  on  different 

cores.  PrimaiV  windings  are  connected  to  a  three-phase 
supply  mains  via  phase  regulators  (PR)  connected  by 
the  star  connection  diagram.  Switching  of  the  operati¬ 
onal  modes  of  PR  and  regulation  of  the  welding  current 
are  provided  by  the  control  unit  (CU).  The  base  current 
,'s  determined  by  the  capacitor  reactor,  which  is  con¬ 
nected  in  series  to  the  secondary  circuit.  Modulation  of 
the  welding  current  occurs  in  the  circuit  "modulating 
capacitor  -  electronic  switch”  connected  to  the  control 
unit  via  the  modulator. 

The  principle  of  multiplication  of  frequency  is  as  follows. 
CU  forms  control  instructions  using  switching  elements 
of  phase  regulators  so  that  at  each  time  moment  only 
one  of  the  primary  windings  is  connected  to  the  supply 
mains.  Therefore,  the  angle  of  switching  by  each  half¬ 
wave  should  be  a>  120'.  The  root  mean  square  value 
of  voltage  in  the  secondary  circuit  is  determined  by  the 
following  expression: 

Vo, 5  -  x-  +  (sin  4  n  xj)/4n 

where  U^  is  the  voltage  of  one  of  the  phases,  is  the 
transformation  coefficient  of  WR,  L  is  the  parameter 
determined  by  relationship  tj  =  tj/Y and  tj  is  the  duty 
cycle,  i.e,  period  of  voltage  in  the  mains. 

As  a  result  of  such  successive  switching  voltage  Uj  with 
a  shape  close  to  a  triangle  and  frequency  three  times 
as  high  as  that  in  the  supply  mains  is  induced  in  the 
phases  in  the  secondary  circuit.  Hence,  the  cross  sec¬ 
tion  area  of  the  magnetic  core  of  WT  can  be  reduced 
three  times.  Consumption  of  copper  is  reduced  as  well, 
which  leads  to  a  decrease  of  1 .8-2,0  times  in  weight  of 
the  transformer. 

The  use  of  the  voltage  resonance  in  the  secondary  cir¬ 
cuit  provides  a  sufficiently  stable  burning  of  the  welding 
arc  at  an  open -circuit  voltage  of  25-38  V.  In  this  case 
the  v/elding  current  varies  from  40  to  200  A.  The  max¬ 
imum  current  consumed  at  each  of  the  phases  is  9  A, 
while  in  short  circuiting  of  the  arc  gap  it  decreases  to 
6,5  A.  The  power  factor  at  the  maximum  current  is  >0,95, 
Weight  of  the  prototype  of  the  device  tested  is  not  in 
excess  of  13  kg. 


CONTROL  OF  COMPOSiTION  AND  STRUCTURE  OF 
DIE  STEEL  DURING  ELECTROSLAG  CLADDING 
USING  NON-COMPACTED  MATERIALS.  O.G.Kuz- 
monko  (E.O.Paton  Electric  Welding  Institute,  Kyiv,  Uk¬ 
raine).  Steel  5KhNM  widely  applied  by  the  industry  of 
Ukraine  for  making  hot  deformation  dies  has  an  insuf¬ 
ficient  heat  resistance  and  low  level  of  strength  and 
wear  resistance  at  increased  temperatures.  This  even¬ 
tually  reduces  life  of  tools.  The  problem  is  aggravated 
also  by  the  fact  that  in  some  dies  which  have  deep 
impression  some  of  its  elements  are  subjected  to  dif¬ 
ferent  types  of  wear:  in  the  upper  part  of  the  Impression 
the  dominant  types  of  wear  are  crushing  and  abrasion, 
while  at  the  points  of  transition  from  side  to  bottom 
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Biopbi  npeo6yiaflaK)mMMH  enpaMH  MSHaiiinBaHMR  bbaji- 
lOTCH  CMRTMe  M  MCTupaHi-ie,  a  B  MSCTax  nepexofla  ot 
6oK08bix  noBepxnocTe£i  k  aouhum  — Tpeu^nHW  Mexa- 
HMMeCKOfi  yOTa/lOCTM.  CoBMGCTHTb  B  OflHOM  MaiepMaJIG 
cTOMKocTb  npoTMB  TaKnx  BHflOB  noBpejxfleHuti  eecbMa 
BaTpyflHUTBBbHO. 

OfliiMM  M3  nyxeti  peiiieHUB  paHHofi  npo6jieMbi,  Ha  Haai 
BSrPfifl,  BBBBOTCB  npHMBHOHMe  npM  HSrOTOB/ieHMH  M 
BOCCTaHOBJISHHM  LUTaMnOBOPO  MHCTpyMGHTa  SPOICT- 

pouJ/iaKOBOM  HanpaeKM  (3LL1H)  HeKOMnaxTHbiMM  Mare- 
pnanaMM  (cTpy)KKa  mpm  flpyrwe  oixopbi  npM  o6pa6oTKe 
MJIM  Bhl6paKOBKe  MHOTpyMeHTa),  npM  XOIOPOM  B03M0X- 
HO  ynpaBaenMG  xax  cocraBOM  HarmaB/iBeMoro  Meia/i- 
pa,  Tax,  M  ero  cTpyicrypoM  abb  nopyHeHiia  saflaHHoro 
KOMnPGKoa  cpy)xe6Hbix  cbomctb  c  yneTOM  Ha3Ha>^enMB 
MHCipywenTa. 

Anq  ypyHUjeHwq  cboiiotb  HanpaB.nqeMOM  ctanM  MapKM 
5XHM  npn  3L1JH  imaMnoB  cxpyxKOM  6biPo  peiueHoflo- 
noPHHTePbHo  perMpoeaTb  ee  CMPbHbiMM  Kap6MAOo6pa- 

ayioiAMMM  aPBMRHTaMM  (HModiieM  M  TMTaHOM).  Ana  pe- 
rMpoBaiiMB  HanpaBPBHHoro  werappa  aTMMM  speMeH'ra- 
MM  MCn0Pb30BaPM  3PeiCrpOXMMM3eCKMM  cnoCo6,  OCHO- 
BaVIHblM  Ha  BOCCTaHOBneHMM  MX  M3  OKCMAOB,  BXOAHLAMX 

B  cocraB  (fipioca  m  ncAanaeMbix  b  ippax.  B  stom  cpyqae 
OTnaAacT  HeoSxoAMMOcTb  b  Mcnopb30BanMi/i  Aoporoc- 
TOBUAMX  MOTappoB  M  4)eppocnpaBOB,  a  raioxe  cnetiM- 
aPbHbix  AoaaTopoB. 

AHaPM3  nopyneHHbix  AaHHbix  noxasap,  hto  npn  3LLIH 
CTpyxxoM  craPM  wapxM  5XHM  c  McnoPbaonaHMew  (})Pio- 
ca  cMcreMb!  CaF2-Al20g-Ca0-St02  perMpooaHMe  Han- 
paBPeHHoro  Mexappa  HaM6opee  bbpmxo  m  cpaBHMMo  o 
pyHiiJMMM  noxasaxepBMM  sxoro  npopeoca  npii  311111. 

B  npouecce  3lilH  cxpyxxoCi  moxho  nopysMXb  paaPMH- 
HbiG  cxpyxrypbi  HanpaBPGHHoro  wexappa  no  sbicoxG  pa- 
SoHGro  cpoB  LUxaMnoB.  Tax,  apb  BGpxHMxyaacxxoB  rpa- 
Biopbi  6bipa  nopyHGHa  (6g3  AonoPHMxePbHoro  perMpo- 
BaHMB)PMxaB  HanpaepeHnaq  cxpyxxypa,  xoxopaq  otpm- 
Haexcq  noBbiujemioM  HSHococxoMxocxbio  m  pymuMM 
COnpOTMBPeHMGM  CMBXMIO,  HGM  KOBaHbIM  MGXaPP,  a  APB 
Ht4X(HMX  —  apMMpOBaHHaq  (onPaBMBU.JMMMCB  MaCTMUa- 
MH  cxpyxxM),  MMGioiAaq  BhicoxyxD  ypapHyio  BBSxocxb  m 
ycxapocxHyio  npoHHOcxb.  VAapHaq  sqaxocxb  HanaaB- 
PGHHoro  MGxappa  npM  600  'C  cocxaepqGX  95  , 

a  KoeaHoro  —  60  Ax/cm  , 

SxcnpyaranMq  uJxaMnoB,  BOCcxaHOBPGiinbix  nyxew  3L1JH 
cxpyxKOM  cxaPM  MapxM  5XHM,  noxaaapa,  hxo  mx  ctom- 
KocTb  B  2  paaa  Bbime  xoBanbix  m3  xofi  xe  cxaJiH,  a  gko- 
HOMHoe  perMpoBaHMG  wexappa  HanpanxM  ruxaHOM  m  hm- 
o6MeM  (0,1 ... 0,2  %)  noBbiLuaex  cxoMXocTb  giag  iia  30  %. 

PEUIEHME  TEXHOJlOrUHECKHX  3AfiAH  SriEiCT- 
POHHO-XiyiiEBOl?!  CBAPKM  HPM  HOMOmU 
KOMnSslOTEPHOrO  MOAEJ1MPOBAHMS?  M  MMK- 
POnPOL^ECCOPHOro  ynPABJlEHU!?.  /O,  r.  Ky^aH, 
M.  Jl.  Xs/ij<eBm  (Mh-t  aneKipocsapm  mm,  E.  O.  flaTO- 
Ha,  r.  Kubb,  VKpama).  PaapaOoxxy  xexuoporMM  apex- 
TpOHHO-PyHGBOM  CBapXM  (3J1C)  M3AePMfi  HOBOM  TGXHM- 
XM  Mox<Ho  ynpocxMXh  OparoAapq  ncnoPbaoBanMio  mg- 
xoAa  KOMnbwxepHoro  MOAePMpoBaHMB  XGXHOPorMHeo- 
Koro  npouecca.  ripuMGHMxenbuo  k3/1C  xoMnhioxepHoe 
MOAePMpoBaHMG  npeAnoparaex  onepaxMBHbiti  noMcx 
OnXMMHPbHOrO  XenPOBPOXGHMq  b  3ohg  xepMMMGcxoro 
BO,3AGMCTBMq  nypxa.  A^ib  XGXHOPorMMecxMX  cnoco6oB 
3/lC,  McnoPbsyioLAMX  poxapuHbiG  paaeepxxM  m  cxauM-  | 
poBaHMe  nyixa,  npnnmin  KownbiorepHoro  moaspmPO-  I 


surfaces  wear  occurs  by  the  mechanism  of  mechanical 
fatigue  cracks.  Therefore,  it  is  very  difficult  to  combine 
resistance  to  such  types  of  damage  in  one  material. 
One  of  the  ways  for  solving  this  problem,  in  our  opinion, 
is  the  use  of  electroslag  cladding  with  non-compacted 
materials  (chip  or  other  wastes  resulting  from  proces¬ 
sing  or  rejection  of  tools)  for  the  manufacture  and  repair 
of  die  tools.  This  method  allows  composition  of  the  de¬ 
posited  metal  and  its  structure  to  be  controlled  to  pro¬ 
duce  the  desirable  set  of  service  properties  based  on 
application  of  the  tools. 

To  improve  properties  of  steel  5KhNM  by  ESC  using 
chip,  it  was  decided  to  additionally  alloy  it  with  strong 
carbide  formers  (niobium  and  titanium).  Alloying  the  de¬ 
posited  metal  with  these  eiements  was  done  by  the 
electrochemical  method  based  on  their  reduction  from 
oxides  contained  in  the  flux  and  fed  to  the  slag.  In  this 
case  there  is  no  need  for  using  expensive  metals  and 
ferroalloys,  or  special  feeders. 

Analysis  of  the  results  obtained  showed  that  ESC  of 
steel  5KhNM  using  chip  and  flux  of  the  CaF2-Al203- 
CaO-SiOg  system  provides  the  highest  level  of  alloying 
of  the  deposited  metal,  which  is  comparable  with  the 
best  indicators  of  this  process  in  ESR. 

The  ESC  process  using  chip  can  provide  various  struc¬ 
tures  of  the  deposited  metal  through  thickness  of  the 
working  layer  of  dies.  Thus,  the  cast  oriented  structure 
was  produced  in  the  upper  regions  of  the  impression. 
This  structure  is  characterized  by  an  increased  wear 
resistance  and  better  resistance  to  crushing  than  struc¬ 
ture  of  the  wrought  metal.  The  reinforced  (with  fused 
chip  particles)  structure  having  high  impact  toughness 
and  fatigue  strength  was  produced  in  the  lower  regions 
of  the  impression.  Impact  toughness  of  the  deposited 
metal  at  600”c  is  95  J/cm^,  while  that  of  the  wrought 
metal  is  60  J/cm  . 

Operation  of  5KhNM  steel  dies  repaired  by  ESC  using 
chip  showed  that  their  strength  is  2  times  as  high  as 
that  of  the  wrought  dies  of  the  same  steel  grade,  and 
scarce  alloying  of  the  deposited  metal  with  titanium  and 
niobium  (0.1-0. 2%)  increases  strength  by  another 
30  %. 


SOLUTION  OF  TECHNOLOGICAL  PROBLEMS  OF 
ELECTRON  BEAM  WELDING  USING  COMPUTER 
MODELLING  AND  MIRCROPROCESSOR-BASED 
CONTROL.  Yu.C.Kutsan,  M .L.Zhadkevich  (E.O.Paton 
Electric  Welding  Institute,  Kyw,  Ukraine).  Development 
of  technology  for  electron  beam  welding  (EBVy/)  of  ad¬ 
vanced  engineering  items  can  be  simplified  through 
using  computer  modelling  of  technological  processes. 
As  applied  specifically  to  EBW,  computer  modelling  in¬ 
cludes  operational  search  for  optimal  heat  input  within 
the  beam  heat  affected  zone.  For  specific  EBW  proces¬ 
ses  which  use  local  beam  development  and  scanning, 
the  principle  of  computer  modelling  is  based  on  com¬ 
putation  of  pov/erdensity  within  the  heatspot.  Theactive 
zone  within  which  a  stable  energy  exchange  at  the  front 
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HaHiw  3aKnioHaeTC5i  b  pacnexe  pacnpeflejieHna  n/ioT- 
HOCTM  MoiijHocTM  B  nRTHG  narpeRa.  Saflaean  TpaeK- 
TopHM  pasBepTKM  nyMKa  m  CKopocTb  ero  nepeMGU^enk!!!, 
MOXMo  JierKo  paccMMTaTb  aKTunnyio  aony,  b  npefleaax 
KOTopoM  o6ecne'iiinaeTc«  cTadnaanbiti  sHepreTti'-ien- 
Knii  o6MeH  Ha  nepoflHeii  cTcuKe  Kanana  nponaaB.fiGKHH 
no  Boew  ero  ray6HHe.  Ha.nMHMe  cTa6nabHoro  anepro- 
odMena  rapaHTwpyeT  4>opiv!HpoBaHi'ie  onTHwaribHOH 
reowierpHH  aonbi  nponaaRaeHwfl,  hto  anaaeioa  aclxfieK- 
TMBHbiM  cpo/icTBOM  rioayHeiiHB  Ka'iecTBeHUbix  caapubix 
coe/4MHeHMM. 

fljiH  peuieiiMfi  TMnoobix  Texuo/iorHMecKnx  saAaH  b  MSC 
MM.  E.  O.  naroHa  pa3pa6oTana  6M6AH0TeKa  nporpaMM, 

B  6a3ax  flaiiHbix  KOTopbix  cocpeflOTOHeHb!  caepeH'/R  ofi 
ocHOBHWX  Texi-ioaorMMROKHX  napaMeipax  npopeooa: 
TOKe  nyaxa,  ycKopqioipeM  Hanpq>KeHMM,  tors  cfioxycM- 
poBKM,  reoMexpMM  paaeepTKM  m  MacTOTo  cKauMpoBa- 
HMH.  HcnoqbayeMbie  nporpaMMw,  homhmo  pacaeTOR, 
npeflnojiaraioT  (t)opMMpoBaHMe  xax  oflHO-  laK  m  flny- 
MepHblX  JIOKanbHblX  paSBOpTOK  C  nepeMGHHblM  KO/IM- 
HecTBOM  flMCKpeTHbix  3HawenMM  napaMeTpoB  b  nacTOT- 
HOM  flwanaaoHe  flo  1  KEp. 

PaapafioTaHUbiCi  npMHUMn  xoMniitoTepnoro  MOAeanpo- 
BaHMB  nosBOPneT  McnoabaoBaTb  nporpawMbi,  4>opMn- 
pyrau^MG  onTMManbHoe  pacnpeAeaeuMe  nqoTHocTH 
MOtpHOCTM  HenOCpepOTBGHHO  B  MMKponpOl.ieCCOpHblX 

CMCTGMax  ynpaeneuMB  a/ieiapoHMO-jiyMenbiMM  yoxa- 
HOBKaMM,  Pea/iMaauMB  TaxHX  CHCxeM  ocyLnecTBJiqeTcq  ; 
Ma  Base  MMKpocpeACTB  ynpaeaqioineM  Bt.iMiic/iMTe/ib-  : 
.  HOM  TeXHMKM,  PpM  STOM  MCnOJlbSyiOTCB  KBR  OTflG.nbHbie 
MMKponpoHGCcopubie  HaSopb!,  'rax  m  RK.  SKcnayaxa- 
pMOMHaf!  rM6Koc;xb  b  sxom  c/iyMae  flocxMraexcq  cnoco- 
6om  nporpaMMHoro  aaflaHwa  McxoAHbix  flaHHbix,  hxo 
o6ecne'iMfiaeT  a.qanxanmo  pexjMMOB  pa6oxbi  CMCXGMbi 
K  paa.BMBHbiM  BapMOHxaM  xexHoaorMBeoKoro  npouecca. 
CoHexauMe  KOMribioxepHoro  Mope/iMpoBaHMq  c  mmk- 
ponpoueccopHbiMynpaBJieiiMGivi  noano/iqex  onepaxMB- 
HO  peiiiaxb  paaBMBHhie  xexHonorMMecKMe  aaqaBii  STtC  | 
npM  nojiy'ieHMM  BbicoKoro  KaBBCxea  cBapHbix  ujbob  M3-  j 
ABBMM  HOBOM  XeXMMKM, 

CTpytcrypHbiE  bosmoxhoctm  y/iyHiuEHM?: 

CBOMCTB  PA3HOPOAIIt!><:  COE^MHEHMM  B  yC- 
/10BM51X  KONTAKTHOpj  CTbSKOBOfi  OBAPKH, 

C.  M.  KyiyK-RnenKo,  Jl.  14.  MapKRiuoBS,  R.  H.  '-iBepjKo, 

E.  H.  BepflHMKOFta,  14.  H.  Moc,eH,n,3,  A.  B.  BohtpapyK (Rh-t 
3/ieKTpocBapKM  MM.  E.  O.  riaTOHa,  r.  Kmbb,  VKpaMHa). 
npo6qeMa  yqyBuieiiMB  MexauMHecKMx  m  cqyxefiHbixxa- 
paxxepMcxMK  ceapubix  coeflMHeHMM  npMoSpexaex  oco- 
6yio  axxya/ibHOcxb  npn  peaieHMH  npHioiaflUbix  aaqab' 

no  C03flaHMI0  BblCOKOKaMeCXSeMHhlX  KOHCXpyXpMM  M3 
pasHopoflHbix  MaxepManoB,  nocKOBbxy  MMenno  abb  xa- 
KMX  XMnoB  coeflMneMMM  xapaKxepMbi  HeGTaC'UBbuocxb 
M  Hann'HMe  pesKnx  rpaoMeuxon  cboRcxb. 

Ha  npMMGpG  ooeAMHeHMM  pejibooooM  oxaRM  MapxM  M76 
CO  cxa/ibio  MapKM  110n3/l  npM  McnojibsosaHHM  kom- 
njisKCHOM  wexoAMKH  MccneAOBaHMM  Ha  pasjiM'uibix 
cxpyicrypHbix  ypoBnax  (aepeiiHow,  cy63epeHt!OM,  amc- 
AOKaHMOHHOM)  paOCMaXpMBaXDXCB  SaKOHOtviepHOCXM 
(fjOpMMpORaUMB  CXpyKTypHO-c|ja3OB0rO  COCXOBHMB  30- 
Hbl  COeAMlieilMq  A/15^  ycnOBMH  KOHXaKXHOii  CXbIKOBOM 
CBapKM  M  M3MOH0HM9  3X0M  CXpyKXypbl  B  SaRMCMMOCXM 
ox  xexHonorMMecKMX  napaMexpon. 

PaccMaxpi'inaexoB  BsaMMOCDfiab  cxpyKxypu  co  obomc- 
xsaMM  oeapHbix  cogamhghmm.  B  pesy/ibxaxe  aHaBUXH- 


wall  of  the  penetration  channel  through  its  entire  thick¬ 
ness  can  bn  easily  computed  by  assigning  the  beam 
scanning  path  and  velocity.  The  presence  of  the  stable 
energy  exchange  guarantees  formation  of  the  optimal 
geometry  of  the  penetration  zone,  which  is  an  efficient 
means  for  producing  sound  welded  joints. 

To  solve  typical  technological  problems,  the  E.O.Paton 
Electric  Welding  Institute  developed  a  library'  of  prog¬ 
rams  with  the  data  bases  containing  information  on  the 
basic  technological  parameters  of  the  process:  beam 
current,  accelerating  voltage,  focusing  current,  beam 
development  geometry  and  scanning  frequency.  In  ad¬ 
dition  to  computations,  the  programs  used  provide  for 
formation  of  both  one-  and  two-dimensional  local  deve¬ 
lopments  with  variable  quantity  of  discrete  values  of  pa¬ 
rameters  in  a  frequency  range  of  up  to  1  kHz. 

The  developed  principle  of  computer  modelling  makes 
it  possible  to  use  programs  which  form  optima!  distri¬ 
bution  of  power  density  directly  in  the  microprocessor 
systems  intended  for  control  of  electron  beam  installa¬ 
tions.  Operation  of  such  systems  is  based  on  the  control 
computer  microprocessors,  using  either  individual  mic¬ 
roprocessor  sets  or  personal  computers.  Operational 
flexibility  in  this  case  is  achieved  by  program  setting  of 
source  data,  which  provides  adaptation  of  working  pa¬ 
rameters  of  the  system  to  different  versions  of  a  tech¬ 
nological  process.  Combination  of  computer  modelling 
with  microproce.ssor-based  control  allows  different  tec¬ 
hnological  problems  of  EBW  to  be  solved  promptly  to 
ensure  the  high  quality  ofv/eids  in  advanced  engineering 
items. 


STRUCTURAL  POSSIBiLSTIES  FOR  IMPROVING 
PROPERTIES  OF  DISSIMILAR  WELDED  JOINTS 
UNDER  CONDITIONS  OF  FLASH  BUTT  WELDING, 

S.I.Kuchuk-Yatsenko,  L.I.Markashova,  P.N.Chvertko, 
E.N. Berdnikova,  I.N.Mosendz,  A.V. Bondaruk  (E.O. 
Eaton  Electric  Welding  Institute,  Kyiv,  Ukraine).  The 
Issue  of  improving  mechanical  and  service  properties  of 
welded  joints  is  especially  important  for  solving  applied 
problem  a.ssociated  with  fabrication  of  high-quality 
structures  of  dissimilar  materials,  as  It  is  these  types  of 
joints  that  are  characterized  by  instability  and  drastic 
gradients  of  properties. 

Principles  of  formation  of  structure  and  phase  compo¬ 
sition  of  a  joining  zone  for  conditions  of  flash  butt  wel¬ 
ding,  and  variations  in  this  structure  depending  upon 
process  parameters  are  studied  by  an  example  of  wel¬ 
ded  joints  between  rail  steel  M76  and  steel  110G13L, 
using  an  integrated  procedure  of  investigations  at  dif¬ 
ferent  structural  levels  (grain,  subgrain  and  dislocation). 
Relationship  betv^een  structure  and  properties  of  welded 
joints  is  considered.  Analysis  of  contribution  of  each  of 
the  specific  structural  factors  (size  of  grain,  subgrain, 
i  type  of  acicular  structure,  dislocation  density,  morpho- 
;  logy  and  di.stribution  of  growing  phases,  etc.)  to  varia- 
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MecKofi  oueHKW  Btoiafla  Ka>K.qoro  M3  KoHKpeTHbix  crpyK- 
TypHbix  cf^axTOpOB  {paaMepa  aepua,  cydaepHa,  Tuna 
UrOJlbHaTblX  CTpyKlYP,  nJlOTHOCTH  flHCJlOKaUtlM,  Mop- 
(jjojioruM  M  pacnpeqe/ieHMfi  pacrymux  ^  t.  q.)  b 
MaMeneHne  MexauMMecxMX  xapaxTepMCTux  cosAMHe- 
HMM  aacfiMKcMpoBaHo  cAeAywuiGG.  CpasHHTeabnas^ 
paBHOMepHOCTb  npOMHOCTMhlX  XapaXTepMCTMK  M  Bbl- 
paBHMnaHMe  cbomctb  no  wepe  nepexoqa  ot  CTanw  wap- 
KM  M76  K  ayCTCHlITHOM  CTa/IM  npw  KOKTatCTHOM  CTblKO- 
BoO  cBapxe  nyAbCMpvKitUMM  onaaBaenMeM  oGycaosne- 
,  Hbi  ynpoMHOHMSM  aycjeHMTHOM  CTaan  (npMtviepHo  qo 
670., .750  MRa)  ripenwymecTBSHno  aa  c'ler  (fJopMHpo- 
BaHMM  AMcnepcHbix  4)33  BO  BnyrpeHHHX  oObeMax  aepen 
(Aa.,  K  240  Mfla),  o6u.tero  noBbimeHiifi  nAOTHocTM  qnc- 
AOXaUMM  (Ao,  a140  MHa),  MSMGnb'fGHMB  3GpSHKOM 
cTpyxTypbi  =  160  MHa). 

npM  KOHTaXTHOM  CTbIKOBOM  CBapKG  HenpepbISHbIM  On- 
AaBBGHMeM  yxyALuenMG  cbomctb  m  Haniimie  peaxoro 
rpaqueHTa  MexaHMHecKnx  cbomctb  (Ac,  «  350. ..360 
MHa)  BAOBb  noBepxHocTM  KOMTasaa  b  3Ha4MTejibHOM 
cTenenM  oOycAOBaeHbi  cneqM4)MBecKMMM  msmghchmb- 
MM  B  cTpyxiype  aycTeuMTHOM  cTa/iM  (yfcpyRHOHMeM 
cTpyKTypubix  aaeMeHTOE,  oOlamm  yMenbiueHneM  n/ioT- 
HOCTM  AMGBOXapMfi  HpM  06pa308aHMM  rpaAMGHTOB  AMC- 

AOKapMonHOM  hbothoctm),  a  Taxxe  b  peayAbTaie  4iop-  i 
MMpoBaHMB  MaCCMBHbIX  npoTBXeHHbIX  4)a308UX  M  cer-  I 
perauMOHBbix  oSpaaosaHUM  aepnorpanMMHoro  Tuna 
npM  npaXTMMeOKM  HOAHOM  OTCyTCTBMM  ynpOBHBlOBtMX 
cTpyicrypHbix  4'aKTopoB. 

BblCOKOaOOEKTMBHOE  AVrOBOE  MEXAHMSM- 
POBAHHOE  OBOPyflOBAHME  CBAPKM  ME- 
TAJI/lOKOHCTPyKUMfi.  B.  A.  Re6sm<i.  B.  T.  Pmp.K 
(Hh-t  3/ieKTpocBapKH  tiM.  E.  O.  naTOHB  i  r.  Knea,  Vk- 
paiina).  Oco6yso  aKryaabHooTb  b  npouecce  ceapKH  mb- 
Ta/iAOKOHCTpyxAMM  npMoOpoTaioT  aaqa'iM  cHMxeHMB 
SHepreTMMocKMX  M  MaTopMaBhHbix  saTpaT  npM  oSecne- 
HSHMM  BblCOKOro  KaMeCTBa  CSapHOrO  COeAMHeHMB.  K 
MMCTiy  3TMX  aaqaB  caeAyeT  oTHecTM  m  HsoOxoAHMOcTb 
3HaBMTe.r!bHOro  nOBblloeHMA  npOMaBOAMTSAbHOCTM  Ay- 
roBbfx  MexaHMSMpoBaHHbix  npopeccoB.  CymecTey- 
lomee  oSopyAOBaMne  npaxTM'tecKM  MCBepnaao  cbom 
BO3M0XHOCTM  M  TpeOyeT  noMCxa  hobbix  noAxoAOB  abb 
COBepUJGHCTBOBaUMB  TeXHMBeCKMX  CDOACTB  M  3HaMM- 
TeAbHoro  yAyMUJeuMB  mx  rexHOAorMHecKOM  atJi^exTMB- 
HOCTM,  Bee  STO  B  nOAHOM  Mepe  OTHOOMTCB  xax  K  CBapxe 
B  saaiMTHbix  raaax  kohctpvkumm  m3  craAM  m  aArawMBM- 

GBbIX  CHAaBOB,  TaX  M  K  CBapXG  flOA  4)AlOCOM  M  C  MC- 
noAbaoBaHMGM  caMoaaiAMTHbix  nopouJxoBHX  sagict- 
pOAHbiX  npOBOAOK. 

B  M3C  MM.  E.  O.  naTOHa  npeAAoxeHO,  paapaSoraHo  m 
peaAM30BaH0  HeOXOAbKO  HOBbIX  TMHOB  MGXaHMSMpC)- 
aanHoro  ceapoMHoro  oOopyAOBaHMa: 

•  noAyaBTOMaTbi  ceapxM  ctbagm  m  cnaaBOB  aAxi- 
MMHMB  C  npMMGHeHMeM  nOAHOCTbtO  ynpaBABGMblX  MG- 
XaHM3MOB  MMnyAbCHOM  nOAOHM  SAGKTpOAHOM  npOBOAO- 
XM  Ha  OCHOBG  KEaSMBOAHOBblX  ApeoSpaSOBaTGAGM 

(KOri)  abmxghmb,  no3BOAatom,MX  BeTxo  AosMpoBaTb  xo- 

AMHeOTBO  MGTaAAa  B  XanAG,  KOTOpaS  npMHyAMTGAbHO 

nepenocMTCB  b  MGTaAAMBecKyfo  saHHy  bo  bcgx  npooT- 
paHCTBGHHhlX  nOAOXGHMBX; 

•  noAyaBTOMaTbi  a^b  cBapxn  CTaAeCi  m  cnaaBOB  aAio- 
MMHMB  C  npilMeHeHHGM  nOAHOCTbK)  ynpaBABGMblX  MG- 
XaHM3M0B  MMnyAbCHOM  nOAaHM  SAGXrpOAHOM  npOBOAO- 
XM  Ha  OCHOBG  KBD  D  COHGTaHMM  C  MMOyAbCaMM  MCTOH- 
HMxa  nMTaHMB  AyrM  no  onpeAOAenHbiM  aaropHTMaM; 


(ions  in  mGChanical  properties  of  the  joints  gave  the 
fotlowing  result.  Comparative  uniformity  of  strength 
characteristics  and  levelling  ot  properties  in  transition 
from  steel  M76  to  austenitic  steel  in  the  case  of  pulsed 
flash  butt  welding  are  caused  by  hardening  of  austenitic 
steel  (approximately  to  670-750  MPa)  due  to  formation 
of  dispersed  phases  in  the  bulk  of  the  grains  (Ac,  ~ 
:=240  MPa),  total  Increase  in  the  dislocation  density 
(AO(«  140  MPa)  and  refining  of  grain  structure  (Aa, « 
«160  MPa), 

In  continuous  flash  butt  welding,  deterioration  of  mec¬ 
hanical  properties  and  their  drastic  gradient  (Aa, « 
=350-360  MPa)  along  the  surface  of  contact  are  caused 
primarily  by  specific  changes  in  structure  of  austenitic 
steel  (coarsening  of  structural  components,  total  dec¬ 
rease  in  dislocation  density  in  formation  of  dislocation 
density  gradients),  as  well  as  by  formation  of  massive 
extended  phase  and  segregation  elements  of  the  grain¬ 
boundary  type  at  an  almost  complete  absence  of  struc¬ 
tural  hardening  factors. 


HIGH-EFFICIENCY  MECHANIZED  ARC  WELDING 
EQUIPMENT  FOR  JOINING  METAL  STRUCTURES. 

V.A. Lebedev,  V.G.Pichak  (E.O.Paton  Electric  Welding 
Institute,  Kyiv,  Ukraine).  The  problems  of  decreasing 
power  and  material  consumption  and  assuring  high  qu¬ 
ality  of  welded  joints  are  of  special  importance  for  wel¬ 
ding  metal  structures.  These  problems  also  include  the 
I  need  to  provide  a  fundamental  rise  in  productivity  of  the 
j  mechanized  arc  welding  processes.  Existing  equipment 
has  practically  exhausted  its  capabilities.  This  makes  it 
necessary  to  find  new  approaches  to  improvement  of 
available  facilities  and  raising  their  operational  efficien¬ 
cy.  All  this  fully  applies  both  to  gas-shieided  welding  of 
steel  and  aluminium  alloy  structures  and  to  submerged- 
arc  welding  using  self-shielding  flux-cored  electrode 
wires. 

The  E.O.Paton  Electric  Welding  Institute  suggested,  de¬ 
veloped  and  manufactured  several  new  types  of  mec¬ 
hanized  welding  equipment: 

•  seml-automafic  devices  for  welding  steels  and  alumi¬ 
nium  alloys  using  fully  controlled  mechanisms  of  pulsed 
feed  of  electrode  wire  based  on  quasi-wave  displace¬ 
ment  transducers  (QWT),  which  provide  an  exact  amo¬ 
unt  of  rnetal  in  a  drop  urged  to  transfer  to  the  metal 
pool  in  all  spatial  positions; 

•  semi-automatic  devices  for  welding  steels  and  alumi¬ 
nium  alloys  using  fully  controlled  mechanisms  of  pulsed 
feed  of  electrode  wire,  based  on  QWT  combined  with 
pulses  of  the  arc  pov/er  source  following  certain  algo¬ 
rithms; 

•  equipment  of  the  “Triplet”  type  with  simultaneous  or 
sequential  (following  certain  algorithms,  including  mo¬ 
dulation  and  pulsed  movement  laws)  feeding  of  three 
electrode  wires. 

This  equipment  has  a  single  element  base  and  comp¬ 
rises  units  and  blocks  of  the  block-modular  design  of 
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•  odopyflOBanne  Tuna  «TpMn/ieT»  c  ofliiospeMenHofi 
M/iH  noonepeflHofi  (no  onpefle/ieHHbiM  a/iropuTMaM,  b 

TOM  MMCJie  MOflyTiiipoBai-ine  M  nMnyjihCHbie  sQKOHbi 
ADMiKSHUB)  noAa'iew  Tpex  a/ieKTpoflHWX  npopo/ioK. 

3to  ofiopyflOEiaMne  uMeer  efluwyio  s/ieMenTHyio  6a3y 
c  McnoBb3onaHMeM  ysnon  m  6/iokob  6/io'ino-MoflyAii- 
Hoii  KOHCTpyKqHn  nonyaoTOMaTOB  m  sBCASHMeM  opw- 

TMHaAbHbtx  paspaSoTOK,  no3Boanioii(nx  noayMUTb  cae- 
flyioLUHe  peayabTaTbi: 

•  cHM3i/iTb  noTepn  a/ieicrpoflHoro  Meraana  na  yrap  n 
pa36pbi3rpBaHne  (ao  ypoBna  He  6ojiee  1...3  %)  npp 
McnoAbsoEtaHHM  yopaenBeMbix  MMnyabCHbix  noflan  h 
npHMSHeHMH  KMnyjIbCHbIX  HCTOHHMKOB  PHTaHHB  AVrn; 

•  yaynujHTb  cTpyicrypy  h  MexanHMecKwe  cBoPicTBa  mb- 
Taana  lusa  m  oKOJioiuoBHot^  30Hbi,  nepepacnpeAS-fiHTb 
AOAH  pacnaaB/ieHHoro  h  HanJiaBaeiinoro  weTanaoB 
(npH  noMoiAM  ynpaD/ifieMbix  MMnyjibCHbix  CHcreM  h 
CMCTeMbi  «Tpnn;)eT»); 

•  cymecTBeHHO  paciiiMpHTb  Ananaaonbi  totiiahh  csa- 
pHBaeMoro  MejaaiBa,  ocyiAecTDMTb  ynpaBBeiii/ie  (pop- 
MoCi  lusa  (nyrsM  MonoabsoBanHB  ynpannsieMbix  hm- 
nyAbCHbix  CHCieM  M  CMOTGMbi  «TpnnAeTi>); 

•  yBeAMMHTb  np0H3B0AMTeAbH0CTb  AyrOBOrO  MexaHH- 
3MpoBaiiHoro  nponecca  (npodBeMbi  3Heproc6epexe- 
hhh)  nyTGM  wonoAbBOBaHHB  B 1 OM  MAH  MHOM  BapiiaHTe 
CMCTeMbi  «TpMnAeT». 

Boe  o6opyAOBaHMe  npomAo  npoMSHOACTBemioe  anpo- 
SMpOBaHMe,  B  TOM  HMCAe  PpH  CBapKe  pasAHMHbix  ysADB 
UJMHonpoBOAOD  B  yr/ierpatpMTHOM  npoMSBOACTBe. 

CBAPKAflABJlEHMEM.  CTPyKTVPA  M  CBOMCTBA 
COEAMHEHMM  PA3HOPOAHblX  METAJ1J10B.  77.  M. 

MapKaiuoBa,  E.  M.  EpMropeHKo,  B.  B.  Apce.HiOK  (Hh-t 
a/ieKTpocBapKH  E.  O.  narona,  r .  Kneci,  VKpaiAna). 
M3AO)KeH  npMHUiinMaAbHbiM  noAXOA  x  peuieHMK)  sapa'iM 
nOBblLLieUMB  pa6OTOCn0Co6HOCTM  M  HapeXHOOTH  pa3- 
HopoAHbix  coeAMneHMM,  nocTpoenHbiM  Ha  sKcnepM- 
MSHTaAbHOM  yCTaHOBASHMH  M  aHaAMSS  BSaMMOCBABM 
BHOlUHMX  M  DHyrpeHHMX  CpaKTOpOB,  yKnaAbIBaiOIAMXCA 
B  npM'iMHHO-cAeACTBeHHyio  AenoBKy  TexHOAorMMecKMG 
napaMeTpbi-Tipoueccbi,  conyTCTByiouj,Me  cBapxe,  m 
CTpyKTypoo6pa30BaHMe-CBOMCT8a  coeAHneHMM.  TaxoM 

noAxoA,  onMpaioiAMMCB  Ha  xoMnAexcHwe  MccASAOBa- 

HMB  CpMSMXO-XMMMHeCKMX  npOpeCOOS  M  CBOMCTD,  003- 
BOAAGT  onpeAGAMTh  HaMfioAee  3HaBMMbie  CTpyxry'pHbie 
cpaxTopbt,  cnocoScTBytoiAMe  «HMBOAMpoBaHMio»  peaxMX 
rpaAMSHTOB  MexaHMHeoKMX  cbomctb  no  sohc  cBapxM, 
KOTopbie  HaMSoAse  xapainrepubi  aba  paanopoAHbix  Me- 
TaAAOB,  OTAMHaiOLAHXOB  OrpaUMBeHHOM  BSaMMHOM  pac- 
TBOpMMOCTblO. 

C  McnoAbsoBaHMeM  pesyabTaTon  xoMnAexcHbix  mccag- 
AOBaHMM,  B  TOM  MMCAB  OnTMHeCXOM,  anaAMTMMeCKOM 
pacTpoBOM  M  npocBeHHBaiou.;eM  sAexrpoHHOM  mmkpoc- 
KonMM,  Ha  npMMepe  coeAMHenMM  Ti,  A1,  Cm,  cTaneM 
pa3AMHHoro  KAacoa  m  aP-.  BbinoAHeHHbix  cnocoSoM 
CBapxM  AaBAGHMeM  B  ujMpoKOM  BManaaoMe  cxopocTefi 
HarpyxceHMA  (b--;  ),  paccMaTpMBaeTCA 

CAeAyiOLUHM  pAA  aaxoHOMepHocTeM. 
ri/iacTHHecKaB  fleipapMaLfUft,  Bo  bcgm  AManaaoHe  cxo- 
pocTew  BHeuinero  Harpy>KeHMA  nAacTMHecxafl  Aecjjop- 
MauMB  no  30He  CBapxM  mmcgt  reTeporeHHWM  xapaxrep. 
rJiySMHa  M  MHTeilCMBHOCTb  A0KaAM30BaHH0M  AG^JOp- 

MauMM,  a  Taxxe  MHKpoMexaHMSMbi  ee  peaAMsapMM  cy- 
U-iecTBeHHO  MSMeHAioTCA  no  Mepe  napacTaHMA  cxopoc- 
Teti  AG4>CpMaHMM. 


semi-automatic  devices,  based  on  original  develop¬ 
ments.  yielding  the  following  results; 

•  decrease  in  electrode  metal  losses  for  fume  and  spat¬ 
tering  (to  a  level  not  more  than  1  -3  %),  using  controlled 
pulsed  feeding  and  pulsed  arc  pov/er  sources; 

»  Improvement  in  structure  and  mechanical  properties 
of  the  weld  and  HAZ  metal  and  redistribution  of  fractions 
of  the  molten  and  deposited  metal  (using  controlled 
pulse  systems  and  the  “Triplet"  system; 

•  substantial  widening  of  the  range  of  thickness  of  metal 
welded,  control  of  the  weld  shape  (using  controlled 
pulse  systems  and  the  “Triplet"  system); 

•  rise  in  productivity  of  the  mechanized  arc  processes 
(power  saving)  using  any  version  ofthe  “Triplet”  system. 
All  these  pieces  of  equipment  have  passed  industrial 
validation,  Including  for  welding  different  units  of  bus¬ 
bars  in  carbon-graphite  production. 


PRESSURE  WELDING.  STRUCTURE  AND  PROPER¬ 
TIES  OF  JOINTS  IN  DISSIMILAR  METALS.  L.I.Mar- 
kashova,  G.M.Grigorenkc,  V.V.Arsenyuk  (E.O.Paton 
Electric  Welding  Institute,  Kyiv,  Ukraine).  The  main  prin¬ 
ciple  used  to  solve  problems  associated  with  increasing 
performance  and  reliability  of  dissimilar  welded  joints  Is 
described,  It  is  based  on  experimental  determination 
and  analysis  of  relationship  between  internal  and  exter¬ 
nal  factors  making  up  a  cause-and-effect  chain:  tech¬ 
nological  parameters  —  processes  accompanying  wel¬ 
ding  and  structurization  —  properties  of  welded  joints. 
This  principle  based  on  a  comprehensive  investigation 
of  physical-chemical  processes  and  properties  allows 
identification  of  the  most  significant  structural  factors 
contributing  to  "levelling”  of  drastic  gradients  of  mec¬ 
hanical  properties  within  the  welding  zone,  which  are 
most  typical  for  dissimilar  metals  characterized  by  a 
limited  mutual  solubility. 

Results  of  comprehensive  investigations,  including  op¬ 
tical,  analytical  scanning  and  transmission  electron  mic¬ 
roscopy,  were  used  to  consider  the  following  series  of 
regularities  by  an  example  of  joints  in  Ti,  Al,  Cu  and 
steels  of  different  grades,  etc,  made  by  pressure  weldmg 

within  a  wide  range  of  loading  rates  (b  a  1-10  -1-10  s  ). 

Plastic  strain.  Plastic  strain  in  the  welding  zone  has  a 
heterogeneous  character  over  the  entire  range  of  rates 
j  of  applied  loading.  Depth  and  intensity  of  localized  de¬ 
formation,  as  well  as  micromechanisms  of  its  realization 
substantially  change  with  increase  in  the  strain  rates. 
Mass  transfer  and  phase  formation.  In  transition  to  wel¬ 
ding  processes  with  pulsed  loading,  along  with  the  dis¬ 
location  mechanisms  the  processes  of  mass  transfer 
involve  also  forces  causing  displacement  of  masses  as¬ 
sociated  with  collective  movement  of  the  crystalline  lat¬ 
tice  defects  within  the  field  of  effective  welding  stresses. 
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CBAPHblE  KOHCTPyKUMH _ 

Macconepenoc  m  tpasooSpaaoBanna.  Hapafly  c  fluc- 
/lOKaquoHKbiMM  MexannsMaMK  K  npoueccaw  Maccorie- 
penoca  npn  nepexofle  k  npoiieccaM  ceapKH  c  HMny/ib- 
CHbiMM  HarpyxeuMsiMM  noflKntoHaeTcp  omoBovi  xapax- 
Tep  nepeweiueHMq  Maco,  cBHsaHHhiCi  c  KOJi/iexTHSHbiMH 
floi'i>xeHi'i5iMH  flecfiexTOB  KpiicTaBBUMecxori  peujeTKM  b 
noBe  flewcTByiomux  ceaposHbix  HanpaxceHMii,  ^ro  cno- 
co6cTByeT  «TpancnopTMpnBKe»  Ha  sHaHHTaJibUbie  pac- 
CTonHMn  He  To;ibKO  aroMOB  xiiMHHecxiix  a/ieweHTOB  m 
MX  KOMnaeKCOB,  ho  m  OTAeHbHbix  HacTMACBapMsaewhix 
MaiepMapoB.  npoueccoB  ^aaooSpaaopaHHH  xa- 
paicrepHo  MSMSHeHMe  CTexMoweTpHHecKoro  cocraBa 
pacTymMx  HOBNX  (J5a3  {no  wepe  MSMeneHHH  KonpeHT- 
papMi^),  4TO  conpoBOXCflaeTcq  norepeti  ycToi^MHBocTn 
peiueTKM  H,  cooTBeTCTBBHHo,  aMopcfiMaanMeM  cTpyxry- 
phi  B  MHKpoo6'i5GMax  4>a3>  MaMSHHioinMxcfi  HO  cocTasy. 
PaccMarpMEaioTCH  TepMonecpopMapMOHUbie  yc/toBi-w 
oBapKM,  cnoco6cTByK)U4Me  aatvisHe  aepHorpaHMHuoro 
xapaxrepa  cpaaoodpaaoBaHMH  paBHOMepHo-oGteM- 
HbiM  pacnpeAeneHneM  pacryuuMX  MHTGpMeTa/iBMflHbix 
((>33.  MTO  cnoco6cTByeT  o6pa30BaHMio  b  wenee  npoH- 
HOM  MexaaAe  cTpyioypbi  Tuna  «KBa3MKOMno3MT»,  scp- 
(peKT  ynpOMHeHMB  B  XOTOpOM  npilBOflHT  K  BbipaBHMBa- 
HMKI  rpaflMSHTa  MexaHUMeCKMX  CBOMCTB  BflOHb  30Hbl 
CBapXM, 

AHanM3MpyeTCB  B3aMM0CDq3b  CTpyicrypa-CBOMCTBa  c 
pa3BMBaeMbix  noaupMM,  ocHOBanHbix  Ha  npwHUMne 
sHepreTMMecKoro  6aaaHca. 

CTPyKTyPHO-CPASOBblE  nPE0BPA30BAHM5!  30- 
Hbl  KOHTAKTA  HPM  fllKDOySMOHHOM  CBAPKE 
nOPMCTO-MOHO/IMTHbIX  HA  OCHOBE 

Ti-N.  fl.  14.  MapKaujoBa,  fj.  C.  Kupeea  (Ua-TaneKTpoc- 
BapKii  MM.  E.  O.  riaTOHa.  r.Ki^GB,  yKpama).  PaccMOT- 
peHbi  CTpyKTypHbie  naMeHeHMS  npn  fiMtptpyaMOHHOM 
cBapxe  KOMnaxTHoro  (BT1-0)  m  nopMCToro  TMraHa,  no- 
ayHenHoro  cnexaHMeM  nopoiuxa  TMTana  pasBMMHoii 
aepHMCTOCTM,  npM  pa3/JMHHblX  pe)KMMaX  TepMOfletpOp- 
MapMOHHoro  (cBapo'iHoro)  B03,neMCTBnq. 
noxasatibi  9B0iiK)LiMq  nopMCTOcTM  M  ee  napaMerpoB 
{oOteMa  M  pacnpefleaeHMB,  xoatptpHUMeHTa  cpopMbi 
nopMCToro  npocTpaticTBa),  BHyrpeHHefi  CTpyxrypbi 
MacTMH  nopoiLiKOBoro  MarepMana  (cpasoBoro  coctob- 
HMB,  nqOTHOCTM  H  pacnpefleBGHMB  AMC/lOXapMM  M  T.  n,), 
a  Taxxe  MSMSHeHMe  coctobhhb  30Hbi  xoHxaxra  Mexfly 
HacTMpaMM  nopooixoBoro  TMTana. 

Hsjioxcenbi  oco6eHHocTM  npGo6pa30BaHMq  noeepxHoc- 
TM  BaaMMOfleMCTEMB  XOMnaXTHOrO  TMXaHa  C  nopMCXbIM 
XMXaHOM  npM  (pOpMMpOBaHMM  CBapHOro  COeAMHeHMB  M 
onMcaHbi  ycBOBMB,  cnoco6cxByioLUMe  oGpasoeaHMio 
peaxMX  rpaAMSHXOB  cxpyxxypHoro  cocxobhhb  BJioxa/ib- 
HOM  30He  CBapxM  rjiy6MH0M  b  Hecxonbxo  asobxxob  mmk- 
POH,  AHaBM3MpyeXCq  BSaMMOCBASb  (pOpMMpOBaHMH 
HanpaB.neHHbix  cxpyxxypHbix  rpaAMenroB  c  npoxexaHM- 
ew  onpeAeABHUbix  pejiaxcauMonHbix  nponeccoB  (no- 
AMroHMaanMM,  pexpHcxaiiaMsapMH),  a  xaxxe  peaniiay- 
ewbix  B  XOAS  CBapXM  MMKp0M8XaHM3M0B  naacxMHecKOM 
AecpopMauMM  b  cooxBexcxByxjiAefi  aone. 
rtoxasaHa  BsaMMocBsab  cxpyxxypHbix  m  MexaHMHecxMX 
xapaiaepMcxMK  b  pasBMHUbix  o6aacxqx  sohw  cBapxM. 
PaccMoxpeHbi  ocoSeHHocxM  cxpyxxypHbix,  cpasoBbix 
M3MeHeHMM  noBspxHocxHoro  oxpynneHHoro  cbob  h  ne- 
pexoAHOM  30Hbi  nocAS  xepMoo6pa6oxKM  b  asoxe  no- 
pMcxoro  XMxana. 

noxaaaHo,  hxo  caom  HMxpMAa  XMxaHa,  oSpaayioiAMMCR 
Ha  noBepxHocxM  aepen  nopMcxoro  nopoaixoBoro  XMxa- 


I  which  contributes  to  “transportation''  to  substantial  dis¬ 
tances  of  not  only  atoms  of  chemical  elements  and  their 
complexes,  but  also  individual  particles  of  materials  wel¬ 
ded.  The  processes  of  phase  formation  are  charac¬ 
terized  by  variations  in  stoichiometric  composition  of 
the  new  growing  phases  {with  variations  in  concentra¬ 
tions),  which  is  accompanied  by  loss  in  stability  of  the 
lattice  and,  hence,  amorphization  of  structure  in  micro¬ 
volumes  of  the  phases  with  a  varying  composition. 
Considered  are  thermal-deformation  conditions  of  wel¬ 
ding,  promoting  variations  in  the  effect  of  grain-bound¬ 
ary  character  of  the  phase  formation  on  volume-uniform 
distribution  of  the  growing  intermetallic  phases,  which 
causes  structure  of  the  “quasi-cornposite"  type  to  form 
in  a  less  strong  metal,  the  hardening  effect  in  which 
leads  to  levelling  of  the  gradient  of  mechanical  proper¬ 
ties  within  the  welding  zone. 

Relationship  between  structure  and  properties  is  ana¬ 
lysed  in  terms  of  the  suggested  statements  based  on 
the  energy  balance  principle. 


STRUCTURAL-PHASE  TRANSFORMATIONS  OC- 
CURRING  IN  THE  CONTACT  ZONE  DURING  DIFFU¬ 
SION  BONDING  OF  POROUS-MONOLITHIC  PRO¬ 
DUCTS  ON  TI-N  BASE.  L.I.Markashova,  LS. Kireev 
(E.O.Paton  Electric  Welding  Institute,  Kyiv,  Ukraine). 
Structural  transformations  occurring  during  diffusion 
bonding  of  compact  (VTI-O)  and  porous  titanium  pro¬ 
duced  by  sintering  of  titanium  powder  with  different  par¬ 
ticle  sizes  under  different  thermal-deformation  (joining) 
effects  are  considered. 

Evolution  of  porosity  and  its  parameters  (volume  and 
distribution,  shape  factor  of  porous  space),  internal 
structure  of  particles  of  the  powder  material  (phase 
composition,  density  and  distribution  of  dislocations, 
etc,),  as  well  as  changes  in  the  zone  of  contact  between 
the  titanium  powder  particles  are  described. 
Peculiarities  of  transformations  of  the  surface  of  inte¬ 
raction  of  compact  and  porous  titanium,  taking  place 
during  formation  of  a  bond,  and  conditions  promoting 
formation  of  drastic  gradients  of  the  structural  state  in 
the  local  zone  of  bonding  to  a  depth  of  several  fens  of 
microns  are  outlined.  Relationship  between  formation 
of  directed  structural  gradients  and  occurrence  of  cer¬ 
tain  relaxation  processes  (poiygonization,  recrystalliza¬ 
tion).  as  well  as  plastic  strain  micromechanisms  taking 
place  during  the  bonding  processes  is  analysed. 
Relationship  between  structural  and  mechanical  pro¬ 
perties  in  different  regions  of  the  bonding  zone  is  shown. 
Peculiarities  of  structural  and  phase  changes  in  the  em¬ 
brittled  surface  layer  and  the  transition  zone  of  porous 
titanium  after  heat  treatment  In  the  nitrogen  atmosphere 
are  considered. 

It  is  shown  that  the  titanium  nitride  layer  formed  on  the 
surface  of  grains  of  porous  titanium  powder  is  about 
5-6  pm  deep  and  characterized  by  structural  and  phase 
heterogeneity.  Phase  transitions  and  changes  in  stoic¬ 
hiometric  composition  having  the  following  sequence 
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Ha,  MMeeT  npoTHxeHHocib  (no  r/iySnue)  npHMepno 
5... 6  MKM  M  OTJlHHaeTCH  HeOfiMOpOAHOCTbKJ  PO  CTpyK- 
rype  m  4>a3onoMy  cocTany.  Flo  MGpe  yfla/ieHMH  ot  u.eH- 
Tpa  aepHa,  rfle  HaxoflMTCH  ‘iMCTbifl  TUTaii,  k  BHeiunGpi 
rioBepxHOCTM  asoTHpoBanHoro  caoh  aacjiHKCMpoaaHbi 
cfiaaoDbie  nepexoflbi  c  MaMeneHiieM  cTexuoMerpHHec- 
Koro  cocTaaa  b  caeAyioiueii  noc/ieAOBaTeabHocTu: 

a-Ti  ^  (Ti^N;  Ti^Ng..,.)  s-TiN„.,p;  TiN^^.^. 

cpaaoBbiM  npeBpameiiMBM  npeAUJeoTByioT,  Bo-nepobix, 
H3MeHenM5i  KOHnenipanHM  aaoTa  b  BoxaabHbix  MMxpo- 
o6b,eMax;  Bo-BTopbixv  nepexoA  cTpyicrypbi  s  coctohhmg 
HeycTOMHUBocTM,  conpoBox^ASKimMficH  ee  aM0p4)M3a- 
UneM.  OQHapyxeHHbieaaKOHOMepnocTM  noAofiHU  npo- 
HeccaM  oaMoopraHMsaAMH,  npoTeKaraiAHM  no  saxonaM 
HepaBHOBeCHOM  TepMOAHHaMHKM. 

OnPEAE/lEHME  OnTMMAJlbHOrO  MCTOHHMKA 
HAfPEBA  riPM  3AflAHHblX  OPOHTAX  rinABilE- 
HMSI  M  KPMCTAJ1J1M3AIJIMM.  B,  B.  MenioKOB,  K.  B. 
RBaHOB-RonhCKm  (Bar.  roc.  tbxh.  yri-T,  r.  Kupoe,  Pcp). 

B  peayabTaTe  SKcnepHMeHTanbHbix  MccaeAGBaHini  m 
MareMaTHHecKoro  MOAe/inpoBauMB  npoLtecca  4iopMH- 
pOBaHMB  CBapHoro  LUBa  H.  H.  flpOXOpOBblM  6blA  pa3- 
paSoraH  mbtoa  opeHKV'i  m  onpeAs/ieHU  Kpi-iTepiiH  no- 
BbiiiieuMB  TexHoaorHMecKoti  npoHHOCTH  ceapubix  ujbob 
B  npopecce  KpMOTa/inMaaiiMH.  3to  noaBOJiaeT  onMcbi- 
BaTb  M  aapaBaTb  (poptviy  cjjpoHTa  KpHCTanansauHM  b  CBa- 
poHHOfi  BaHHe  b  BKAe  ypasHeHHB,  a  raioKe  HaxoAmb  aa- 

BHCMMOOTb  napaMBTpOB  aTOfO  ypaBHeHHB  OT  CBOCiCTB 
CBapnsaeMoro  MaTepnana  m  pexci-iwa  cBapKi-i  na  ocuo- 
Be  peuLioHMB  npHMon  aaAaHU  TenaonpoBOAHocTi/i.  | 

UccaeAOBaHbi  aaKOHOMepHocTM  (popMHpoBanHB  Max-  | 
pocTpyKTypw  Meja/iaa  msa  npw  ajieKTpoHHO-ayHesoM  ' 
CBapKG  c  r/iy6oKMM  nponaanaeiU'ioM,  pa3pa6oTaHbi  ho-  : 
Bbie  MeTOAbi,  no3BoaBioLUne  BosAetioTBOBaTb  Ha  npo-  : 
Aecc  CTpyKTypoo6pa30BaHM!i.  j 

C  paaBHTHGM  MGTOAOB  onTHMHaapMH  TenaoBoro  pexH-  | 
Ma  ceapKM  cTanoBUTCB  BoaMoxHbiM  nooTaHOBxa  aaAa-  j 
HH  ynpaB/ieHHB  npopeccoM  cpopMHpoBaHMB  nepBHHHOM 
MaKpocTpyioypbi  cBapHoro  ujsa  h  onpeAeaenMe  pexH- 
Ma  CBapKM  B  aaBHCHMOCTM  OT  aaAaHHbix  pasMepos  h 
(popMbi  cJjpoHTa  KpHCTaaBMaapHM. 

B  cayaae  KnaanoTanMOHapnoro  Tenaosoro  nponecca 
CBapKM  n/ianaeHMeM  npBMOBMHeMHoro  cTbixa  naacTMH 

o6T)eMMblM  MCTO'-IHMKOM,  nepeMGIAatOlAMMCB  BAO-Hb 
CTbIKa  O  nOCTOSlHHOM  CKOpOCTblO,  (ppOHTbl  nnaBAeuMB 

M  KpMCTaa/iMaauMM,  a  Taioxe  aaAaHHOo  ahb  hmx  pacn- 
peAe/teHMo  TeMnepaiyp  aBJifiwTca  HonpepbiBHUMM  m 
KyCOHHO-HOnpepblBHblMM  CpyHKUMBMM,  sapaHUbiMM  na- 
paMOTpMHeOKM. 

npM  aaAaHHbix  (tiopwo  cppoHTOB  naanaenMH,  KpMCTaa- 
TiMaapMH  M  pacnpeAoaeHMM  TeMneparyp  saAaHeM  on- 
TMMa/ibHoro  ynpaBTieHMH  Ten/ioBhiM  npoueccoM  CBap¬ 
KM  BBaHeTOH  naxoxAeHMO  Taxoro  orpaHMHenHoro  no 
MOIAHOCTM  MCTOHUMKa  anepTMM,  OpM  KOTOpOM  MCTMH- 
Hoe  pacnpeAo^eHMe  TewnepaTypbi  bo  cppoHTax  aoctm- 
raao  6bl  MMHMMaAbHOrO  XBaAPaTMHHOrO  OTKBOHeHMH  OT 
aaAaHHoro. 

HaxoxASHMH  yKaaaHHoro  onTMMaAbHoro  mctohhm- 
Ka  6bino  npoMSBeASHO  HMOASHHoe  MOAeJiMposaHMe 
TenaoBoro  KBaaMCTauMOHapnoro  npopecca  b  noASMX- 
HOM  CMCTGMe  KOOpAMHaT,  MOAe.nb  KOTOporO  npGACTaB-  I 
TIBOT  co6oPi  HeoAHopoAHoe  aMHOMHoe  AMcjJcf'epeHAM- 
anbHoe  ypaeHSHMe  b  nacTiibix  npoMSBOAHbix.  PeiueHMS 


are  fixed  with  distance  from  the  centre  of  the  grain  where 
pure  titanium  is  situated  to  the  external  surface  of  the 
nitrided  layer: 

a-Ti  ->  (TijN;  Ti.Ng.,)  TiN„,^. 

Phase  transformations  are  preceded,  firstly,  by  variati¬ 
ons  in  the  nitrogen  concentrations  in  local  microvolumes 
and,  secondly,  by  transition  of  the  structure  to  the  in¬ 
stability  state,  accompanied  by  its  amorphization.  The 
observed  phenomena  are  similar  to  the  self-arrange¬ 
ment  processes  which  occur  following  the  laws  of  non¬ 
equilibrium  thermodynamics. 


DETERMINATION  OF  OPTIMAL  HEAT  SOURCE  AT 
PRESET  FRONTS  OF  MELTING  AND  SOLIDIFICATI¬ 
ON.  V.V.Melyukov,  K.V.Ivanov-Polsky  (Vyatsky  State 
Technical  University,  Kirov,  Russia).  As  a  result  of  ex¬ 
perimental  studies  and  mathematical  modelling  of  the 
process  of  weld  formation,  N.N. Prokhorov  developed  a 
method  for  estimation  and  defined  criteria  for  increase 
in  technological  strength  of  the  welds  during  solidifica¬ 
tion.  This  allow-s  the  shape  of  the  solidification  front  in 
the  weld  pool  to  be  assigned  and  described  in  a  form 
of  equation,  as  well  as  dependence  of  parameters  of 
this  equation  upon  properties  of  a  material  welded  and 
welding  conditions  to  be  established  on  the  basis  of 
solving  a  direct  problem  of  thermal  conductivity. 
Principles  of  formation  of  a  macrostructure  of  the  weld 
metai  in  electron  beam  welding  with  deep  penetration 
were  studied,  and  new  methods  allowing  the  process 
of  structurization  to  be  affected  were  developed. 
Development  of  the  methods  for  optimization  of  thermal 
conditions  of  welding  makes  it  possible  to  formulate  the 
problem  of  control  of  the  process  of  formation  of  the 
prirnatT'  macrostructure  of  the  weld  and  determination 
of  v/elding  conditions  depending  upon  the  preset  para¬ 
meters  and  shape  ot  the  solidification  front. 

In  the  case  of  a  quasi-stationary  thermal  process  of 
straight-lins  butt  fusion  welding  of  plates,  using  a  volu¬ 
metric  heat  source  moving  along  the  butt  joint  at  a  con¬ 
stant  speed,  the  melting  and  solidification  fronts  and 
the  preset  temperature  distribution  for  them  are  conti¬ 
nuous  and  fragment-continuous  functions  established 
parametrically. 

At  the  preset  shape  of  the  melting  and  solidification 
fronts  and  temperature  distribution  the  problem  of  op¬ 
timal  control  of  the  thermal  process  of  v/elding  consists 
in  finding  such  a  limited-capacity  energy  source  which 
could  provide  a  true  temperature  distribution  at  the 
fronts  equal  to  a  minimum  standard  deviation  from  the 
preset  value. 

To  find  such  an  optimal  heat  source,  we  conducted  nu¬ 
merical  modelling  of  the  thermal  quasi-stationary  pro¬ 
cess  on  a  movable  coordinate  system.  The  model  of  the 
process  was  an  inhomogeneous  linear  differential  equ¬ 
ation  with  particular  derivatives.  The  inverse  problem  of 
thermal  conductivity  v/as  solved  on  the  basis  of  model¬ 
ling  by  the  method  of  non-linear  regression  using  the 
"Mathernatica  v.3.0"  software  package.  The  found  op¬ 
timal  source  is  a  group  of  spot-type  moving  sources. 
The  regres.sion  parameters  to  be  determined  in  this  case 
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o6paTHofl  aaflaHM  renaonpoBOAHOCTM  no/iyneHo  Ha  oc-  , 
Hose  MOfleAwpoBaHUH  MeTOflOM  HejiHHewHoS  per- 
peccMH  B  cpefle  naKera  «Mathematica  v.3.0».  Hai^fleH- 
Hbip!  onTHMa/ibHbiCi  MCTOHHMK  npeflCTaBBBeT  co6oti 
rpynny  TOHSHHhix  ABM>KytuMXCB  hctohhmkob.  HpM  stom 
MCKOMbiMM  napaMSTpaMU  perpeccuH  aeJiaroTCfi  Koop- 
AMHaTbi  w  aHaneHMa  molahoctm  yxaaaHHbix  TOHeHHbix 

HCTOHHMKOB,  KOTopbie  i/tcnoBbayMTCB  AJ^^  ynpaBaeHna 
a/ieiapoHHO'jiyHeBOM  cBapoHHOM  ycTaHosKOM. 

MEXAHMI311POBAHHA9J  CBAPKA  B  PA3/IMSHblX 
nPOCTPAHCTBEHHbIX  nO/IOJKEHMflX.  B.  M.  Mo- 

30K,  A.  E.  KopoTbiHcmi^  (L1h-t 3/ieKTpocBapKH  MM.  E.O. 
naroHa,  r.  Knee,  VKpanHbi).  MexaHM3npoBaHHbie  cno- 
co6bi  CBapxM  oTBUHaioTcn  aHaHMieabHbtM  npeMMya(ec- 
TBOM  (  B  cpaBHeHUH  C  pyHHOM  CBapKOtl  UJTyMHblMH  aacK- 
TpoAaMM)  no  nponaBOAMTeabHocTM  npouecca  m  Boa- 
MOXHOCTBM  aBTOMaTHaaHMM  BbinyCKa  CBapHbIX  KOHC- 
TpyKpufi,  K  cox<aaeHHio,  axH  npeHMymecTBa  psannay- 
K)TCB  TOAbKO  npM  CBapKO  B  HHXHeM  noAoxcennn. 

ripw  o6biHHbix  MCTOMHMxax  nuTaHHB  Ay™  cBapxa  B  paa- 
AHHHbix  npocrpaHCTBeHHbix  noAoxieHMBx  ocymecTBAfl- 
eicB  am6o  cnnouJHOM  npoBoaoxofi  AnaMexpoM  ao 
1,0.. .1,2  MM  B  aauiMTHbix  raaax  (nopoaiKOBof)  A^aMex- 
poM  AO  1 ,4...  1 ,6  MM),  am6o  AonoAHMxeAbHbiMM  aaeKX- 

pOHHWMM  MOAyABXOpaMM  XOXa,  AM6o  AOnOAHMXeAbHbl- 
MH  XeXHOAOrHHeCKMMM  npH8MaMH. 

B  npoMbiiLuieHHooxM  paasMXbix  cxpaH  oxahhho  aapexo- 
MeHAOsaan  ceSa  aaexxpoHHbie  MOAyAsxopbi  cj)MpM  «Lin-  j 
coin  Electrio*  n  «Kemppy»,  oAHaxo  wx  npnHUunMaAbHbm 
HeAocxaxoK  aax/iiOHaexca  b  yBeaMHeHMH  b  2-3  paaa  yc- 

XaHOBAOMHOil  MOUIHOCXH  HCXOHHMKOB  HHXaHUB  AVrH, 
60AbllJHX  CXOMMOCXH  M  o6beMe  CMAOBOil  aaeKXpOHMKM. 

HanpaBAeHHbifl  nepoHoc  xaneab  npH  aaeKxpoHHOM  yn- 
paBAeHMM  MMnynbcaMU  xoxa  oSecnesHBaexca  aa  cnex 
saaMMOAei^cxBMB  aAexxpoMarHUXHbix  noAePi  n  aAeicr- 
poAMHaMMwecKHX  CHA  (nnHH-a4)ct)eia  m  ABH)KeHne  xha- 

Koro  npoBOAHMxa  b  sAeKxpoMarHtixHOM  noAe),  a  aab 
npeoAOAeHMB  cma  rpaeuxauHH  npn  hoxoaohuom  hap 
noAynoxoAOMHOM  noAoxceHMAX  aHaMeupe  PMnyAbca 
AOAXHO  B  HeCKOAbKO  paa  npeBblLUaXb  HOMHHaAbHblPi 
CBapOHHblM  XOK  AY™. 

B  xo  xce  BpoMA  npp  pyHHOH  ceapxe  ujxyHHbiMM  saoxx- 
pOAaMW  8blCOKOKBaAHC})PAPpOBaHHbie  CSapiAPKP  AOB 
noxoAOHHoro  m  noAynoxoAOHHoro  noAoxeHPA  Hacxo 
npPMeHAiox  «cxpaxnBaHHe»  KanAP  c  xopua  sAexxpoAa 
BBepx,  Koxopaa  aaxsM  yAGpxMBaexcA  b  BaHHe  cPAaMW 
noBepxHocxHoro  HaxBxeHMA  oxxpbixoR  npsepxHocxp 
saHHbi  M  aAreaHBM  Mexanaa  saHHbi  k  ocHOBHoMy  Me- 
xaAAy  p  aaxppcxaAAPaoBaHHOMy  Mexanay  ujoa, 
PaaaPHHbiM  eappaHxaM  HMnyabCHO-AVroBbix  xexHoao- 
mPi  B  nocaeAHPe  roAU  yAeaBexca  OMeHb  mhofo  bhp- 
MaHPB.  McnoAbayioxcA  paaapHHbie  hoaxoabi  m  sappaH- 
xbi  peiusHpO  ynpaBASHPA  apkaom  aV™  Aaa  ooxmmp- 
aappp  nepexoAa  xanaM  aaexxpoAHoro  Mexaaaa  b  csa- 
poHHyio  BaHHy.  Oahmm  pa  xaxpx  peioGHpfi  ABABexcB 
coaABHM  axaHMHecKoroMOAyABxopacBapoMHoroxo- 
xa  {MMC.;,  pcnoAb3yrouj,ero  aaa  nepeHoca  PHepuPX) 
xanap,  cpbiBawmepcA  cxopua  aaexxpoAa  npp  eroxop- 
MojxeHPP  (35. ..80  PMnyabcoB  Ha  oaph  o6opox  noAaio- 
mero  poAPxa).  yxaaaHHbiP  MMCT  cobmscxpm  hohxp  co 
BceMP  cyuiecxByiotAPMM  pcxoHHPxaMP  npxanPA  AyrP  c 
xcecxxop  PAP  noAoronaAarcunep  BHeujnep  xapaxreppc- 
xpxoil  HeaaBPCPMo  ox  poAa  loxa. 

MMCT  oOecneHPBaex  noayneHPe  xanecxDeHHoro  lUBa 
Ha  nocxoAHHOM  PAP  nepeMeHHOM  xoxe  MaxeppaAaMP 


are  coordinate.s  and  values  of  capacity  of  the  said  so¬ 
urces  used  to  control  electron  beam  welding  installation. 


MECHANIZED  WELDING  IN  DIFFERENT  SPATIAL 
POSITIONS.  V.M.Mozok,  A.E.Korotynsky  (E.O.Paton 
Electric  Welding  Institute,  Kyiv,  Ukraine).  Mechanized 
welding  methods  are  characterized  by  considerable  ad¬ 
vantages  (in  comparison  with  manual  stick-electrode 
welding)  in  process  productivltyand  possibilities  of  auto¬ 
mation  of  fabrication  of  welded  structures.  Unfortuna¬ 
tely,  these  advantages  can  be  utilized  only  in  welding  in 
flat  position. 

With  the  use  of  conventional  arc  power  supplies  welding 
in  different  spatial  positions  is  performed  either  using 
solid  wire  up  to  1 .0-1 .2  mm  in  diameter  in  gas  shielding 
atmospheres  (flux-cored  wire  1 ,4-1 .6  mm  in  diameter) 
or  using  additional  electronic  current  modulators  or 
other  extra  techniques. 

In  industrialized  countries  the  popular  electronic  current 
modulators  are  those  produced  by  "Lincoln  Electric” 
and  "Kemppy”.  However,  they  have  drawbacks  consis¬ 
ting  in  an  increase  of  2-3  times  in  the  installed  power 
of  the  arc  power  supplies,  high  price  and  volume  of  the 
i  power  electronics. 

The  directed  drop  transfer  in  eiectronic  controi  of  cur¬ 
rent  pulses  Is  provided  by  interaction  of  electromagnetic 
fields  and  electrodynamic  forces  (pinch-effect  and  mo¬ 
vement  of  a  liquid  conductor  in  the  electromagnetic 
field),  while  to  overcome  the  gravity  forces  in  overhead 
and  semi-overhead  positions  the  pulse  values  should 
exceed  several  times  the  nominal  welding  arc  current. 
At  the  same  time,  in  manual  welding  using  stick  elect¬ 
rodes  in  overhead  and  semi-overhead  positions  the  hig¬ 
hly  skilled  welders  often  use  "shaking  off"  of  a  metal 
drop  from  the  electrode  tip,  which  is  then  retained  in 
the  pool  by  the  surface  tension  forces  acting  on  the 
exposed  pool  surface  and  by  adhesion  of  the  pool  metal 
to  the  base  metal  and  solidified  weld  metal. 

Much  consideration  is  given  currently  to  different  mo¬ 
difications  of  pulsed-arc  technologies.  Different  appro¬ 
aches  and  different  solutions  to  control  of  the  arc  cycle 
are  employed  to  optimize  transfer  of  the  electrode  metal 
drop  to  the  weld  pool.  One  of  such  solutions  is  deve¬ 
lopment  of  a  mechanical  modulator  of  the  welding  cur¬ 
rent  (MMWC),  which  uses  to  cause  the  transfer  the  iner¬ 
tia  of  the  drop  detaching  from  the  tip  of  the  electrode 
in  its  deceleration  (35-80  pulses  per  turn  of  the  feeding 
roller).  This  MMWC  is  compatible  with  almost  all  existing 
arc  power  supplies  with  constant  or  quietly  drooping 
external  characteristic,  independently  of  the  kind  of  the 
current.  MMWC  provides  the  sound  weld  at  a  direct  or 
alternating  current  using  consumables  intended  only  for 
the  direct  current  of  reverse  polarity  and  requires  the 
lower  installed  power  to  ensure  the  stable  process  than 
traditional  feed  mechanisms  (for  the  same  size  and  type 
of  electrode  wire). 

In  iiiis  connection,  in  the  case  of  using  MMWC  the  power 
consumption  needed  to  melt  electrode  wire  is  reduced 
almost  twice  and  portable  pqwer  supplies  VDK-300M 
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TojibKo  fljin  nocTORHHoi'o  TOKa  npH  o6paTHOM  no/iFip- 
HOCTu,  Tpefiyex  Anxi  ycTOMHiiBoro  npoAecca  weHbiuefi 
yCTaHOBAeHHOt^  MOIAMOCTU  MCTOMHMKa  nMTaHMB,  HGM 
TpaAi^UHOHHbie  noAaiolune  MoxaiinaMbi  (ahb  roro  xe 
pasMepa  m  tuna  SAeiapoAHofi  nponoAOKH). 

B  cBfl3M  c  TeM,  HTo  c  MMCT  sHeprosaipaTbi  Ha  naaB- 
AGHUe  GaeKTpOAHOM  npOBOaOKA  CHM)KaiOTCH  npHWGpHO 
BABOG,  CTaMOBMTCB  B03MO>KHblM  HCn0ab30BaHHG  AAB 
nopOLUKOBOll  npOBOAOKM  AHaMGjpOM  AO  3,0. ..3, 2  MM 
nGpGHOCHbIX  MCT04HHK0B  nMiauMfi  BflK-300M  (36  xr), 
KopaA-400  (18  xr),  PCH-350-3n  (45  xr)  w  AP-  BsaMGH 
CTaunoHapHbix  BC-300B  (190  xr),  Bfly-506  (380  xr).  Ta- 
XHG  noayaDTOMaTbi  o  cootaBG  nepeABHXHWX  CBapo'iHO- 
TGXHOAOrUHGGXMX  XOMrUIGKCOB  ACTK-8  (260  KP),  ACTK-12 
Moryr  McnoAbaoBaTbcn  a8«  CBapxM  m  p63XH  nopouJKo- 
Boii  npOBOAOKOti  AHaMGTpOM  AO  3  MM  AraSblX  MGjaA- 
AOKOHCTpyXUHti  C  70AU4HHOf(  MGiaAAa  AO  40  MM  B  no- 
AGBblX  yCAOBMBX. 

TaxMM  oSpasoM,  coBMecTHoe  McnoAbaonaHne  noAaio- 
lAMX  MGXaHMSMOB  C  MMCT  M  PIGpeHOCHblX  MCTOHHHKOB 
AMTaHHB  Ayrn  n03B0AMA0  C03AaTb  xoMn/iGKTbi  o6opy- 
AOBanHB  aab  pGMOHTHbix  vt  aBapuMHbix  paOoT  a  12. ,.15 
paa  Aene  cyiAecxByiou.inx  cGpiiMHbix.  ripoMbiujAeHHbie 
o6pa3Ubi  xaxHX  noAyasxoMaxoB  ycneuJHo  ncnoAbSOBa- 
AMCb  c  1994  r.  npn  peMOHxe  AyroBow  cBapKoti,  Han- 
AaBxoti  xpynHora6apMXHoro  m  yHuxaAbHoro  o6opyAO- 
BaHMin  na  caxapHUX  aaeoAax,  Ha  (OFOKg  m  CeBTOKe  b 
r.  KpMBofi  Por,  Ha  xoM6MnaxG  «AnexoaHAPHFiyroAb»  m 
APyrMX  npOMbllAAGHHblX  o6teKXaX.  rOAOBHOM  oOpaSGLl 
KOMnAGKCa  ACTK-6  6AOHHO-MOAyAbHOrO  MCnOAHGHMfl 
(240  xr)  c  (})eBpaAB  1999  r.  p.  Ooxacx  b  sneproMexyn- 
paBAGHMM  30Hbi  MA3C  (Ha  ujaccM  yA3  c  OpwraAoti 
4  HGA.) 

MCC/IEAOBAHME  MMKPOCTPyKTyPbl  30Hbl  TEP- 
MMMECKOrO  B/lMdHUSI  CBAPHbIX  COEAMHEHMM 
113  yrjriEPOAMCTblX  CTAJlEi^  nPM  kohtaktho- 
CTblKOBOil  CBAPKE.  H.  B.  Hobi/ik  (HayH.-iiccne,%  m 
KOHCTpyic-ToxHonor.  hh-t  csapKn  ix  3auinr.  noKpuTi^d 
c  onhir.  np-BOM,  r.  MmcK,  Pecny6nma  Benapycb). 

flpOBGASHb!  MGXaAAOrpa(t)MHGCXMe  HCCAGAOBaHMA,  0X1- 
pGAeAGH  paSMGp  30Hbl  XGpMMHGCXOXO  BAHBHM3  npH  Bbl- 
nOAHGHMH  XOh'XaXXHO-CXbIXOBOM  csapxM  conpoxuBAG- 
HUGM  npyXHH  XOAOAHOM  HaBMBXM  AUBMGXpOM  OX  6  AO 
8  MM  M3  yrAepOAMCXOO  M  HMSKOAGrupOBaHHOfi  yxAGpo- 
AMCXOM  cxaAM  B  xepMoo6pa6oxaHHOM  cocxoahmh, 
ripM  M3MeHGHMM  OCHOBHbIX  napaMGXpOB  CBapXM  (yCM-  i 
AMA  oxaxMA  sAexxpoAOB,  xo34>4>MAMeHxa  xpauccpop-  | 
MapuM  noAasaeMoro  cBapoHHoro  HanpsJXGHHA  m  apim- 
XGAbHocxM  npoxexanMA  cBapoHHoro  xoxa)  b  saBMCM- 
MOCXM  oxAnaMGxpa  csapuBaGMOM  npoBOAoxM  onpeAo- 
AAAM  onxMMaAbHbiil  pexMM  npouecca,  npM  xoxopoM  He 
oOpasyioxcA  rpax  n  paccAoennA  MexaAAa,  Bbisbieae- 
Mbie  MCXpMBAGHMeM  BOAOXOH  XipH  OCaA^G,  M  AOCXMXa- 
excq  xpe6yeMaA  xipoHHocxb  cogamhghma. 

B  peayAbxaxe  MexaAAorpaclJMHecKMX  MCCAGAosaHUM 
ycxanoBAGH  xapaxxep  cxpyxxypHbix  MSMenenMM  sohu 
xepMM'iecKoro  bamahma,  ycAOBHo  pasOMXOM  na  Hexbipe 
ynacxxa  b  aaeHcuMocxM  ox  xeMnepaxypbi  narpeBa  m 
CXOPOCXM  OXAaXAGHMA. 

Harpee  sonbi  coeAMHGHMA  (ynaoxoK  1)  npoMcxoAnx  ao 
XGMnepaxypbi,  BbimexaxoBOM  ct)a30Bbix  npeBpaineuMi^, 
3a4)MKOMpoBaHo  oOpaaoBanMG  o6lamx  aepeii  Ha  rpa- 
HMUGCBapMBaGMblX  DOBGpXHOOXGM  M  pOCXSepHa,  MMX- 
poDxpyxxypa  b  sxom  sohg  cpeAHeyrAepoAMcxbix  cxaAGM 
—  xpoocxMxnaA,  HMSKOAernpoBaHHbix  —  HMXHero  6eM- 
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(36  kg),  Koral-400  (18  kg),  RSI-350-3P  (45  kg),  etc.  in¬ 
tended  for  flux-cored  wire  with  a  diameter  of  3, 0-3.2  mm 
can  be  used  instead  of  stationary  power  supplies  VS- 
300B  (190  kg)  or  VDU-SOS  (380  kg).  Such  semi-auto¬ 
matic  devices  in  a  set  with  the  mobile  welding-techno¬ 
logical  complexes  ASTK-8  (260  kg)  or  ASTK-12  can  be 
employed  for  up  to  3  mm  dia,  flux-cored  wire  welding 
and  cutting  of  any  metal  structures  up  to  40  mm  thick 
under  field  conditions. 

Therefore,  the  combined  use  of  feed  mechanisms  with 
MMWC  and  portable  arc  power  supplies  made  it  pos¬ 
sible  to  create  packages  of  equipment  for  repair  and 
emergency  operations,  which  have  a  weight  1 2-1 5  times 
lower  than  standard  equipment.  Commercial  samples 
of  such  semi-automatic  devices  have  been  successfully 
used  since  1994  for  repair  by  arc  welding  and  surfacing 
of  large-sizes  and  unique  facilities  at  sugar-making 
plants,  at  YuGOK  and  SevGOK  in  Kryvyj  Rig,  at  the  "Alek- 
sandriyaugol”  plant  and  other  industrial  objects.  The 
basic  prototype  of  the  ASTK-6  complex  of  the  block- 
modular  modification  (240  kg)  has  been  in  operation 
since  1 999  at  the  energy-mechanical  control  workshop 
of  the  Chornoby!  Nuclear  Power  Station  (undercarriage 
of  UAZ  serviced  by  a  team  of  4  people). 


INVESTIGATION  OF  MICROSTRUCTURE  OF  THE 
HAZ  OF  FLASH  BUTT  WELDED  JOINTS  IN  CARBON 
STEELS.  N.V.  Novik  (Research  &  Development  Institute 
for  Welding  and  Protective  Coatings  with  Pilot  Production, 
Minsk,  Belarus).  Metallography  was  conducted  and  size 
of  the  HAZ  was  determined  in  flash  butt  welding  of  cold- 
coil  springs  from  6  to  8  mm  in  diameter  made  from  carbon 
and  low-alloy  carbon  steel  in  the  heat-treated  state. 
Optimal  parameters  of  the  process  which  form  no  flash 
and  delarriinafion  of  metal  caused  by  distortion  of  fibres 
in  upsetting,  and  which  provide  the  required  strength  of 
a  welded  joint  were  determined  by  varying  the  basic 
welding  parameters  (force  of  compression  of  electro¬ 
des,  coefficient  of  transformation  of  the  supplied  wel¬ 
ding  voltage  and  duration  of  flow  the  welding  current), 
depending  upon  the  diameter  of  welding  wire. 

The  character  of  structural  transformations  In  the  HAZ 
conditionally  subdivided  into  four  regions  depending 
upon  the  heating  temperature  and  cooling  rate  was  es¬ 
tablished  by  metallography. 

The  joining  zone  (region  1 )  was  heated  to  a  temperature 
above  that  of  phase  transformations.  Formatton  of  com¬ 
mon  grains  at  the  interface  between  the  mating  surfaces 
and  grain  growth  were  fixed,  Mlcrostructure  in  this  zone 
of  medium-carbon  steels  consists  of  troostite,  that  of 
low-alloy  steels  consists  of  lower  bainite  and  that  of 
carbon  steels  with  a  carbon  content  of  0.6-0. 8  %  — 
lower  bainite  and  martensite.  The  presence  of  marten¬ 
site  in  the  structure  of  cold-coil  spring  steels  Is  permis¬ 
sible.  Size  of  this  zone  is  2-3  of  that  of  the  grain. 
Region  2  in  carbon  and  low-alloy  steels  is  characterized 
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HHTa,  yr/iepoflucTbix  cja/ieCi  c  coflepxaHiieMyrjiepoAa 
0,6.. .0,8  %  —  HMXHero  eewHura  m  MapieHCMTa.  Ha/in- 
MHe  B  cTpyicrype  npyxMHHbix  craneVi  xoacfluoR  HaouBKH 
MapTeHCMxa  snoane  flonycTOMO,  Paawep  STod  aoHbi 
cocTaDJiaeT  2...3  pasMepa  aepaa. 

Ha  ynacTKe  2  y  yraepoflMCTbix  n  HMSKoaerMpoBaHHUx 
cjaaeCi  aaitiUKCupoeaHa  yxpynHeHHafl  (jjeppuTHO-nep- 
/iMTHaB,  ay  aernpoBanHbix  — MapTeHCMTuo-OeiinuTHaB 
cTpyioypa. 

ysacTOK  3,  me  npoMcxoflur  aarpee  b  nnTepBaae  tsm- 
nepaxyp  jA3...>A^,  xapaKrepwayeTcq  cBeflyKnueCi  mmk- 
pocTpyKTypoti:  fl/ia  cpeflHeyraGpoflucTbix  craaeCi  — 
4)eppMTHO-nep/inTHoi^,  ho  c  MeHbiuiiM  paawepoM  aep- 
Ha,  Mew  Ha  ynacTKe  2;  ftnfi  Hti3Ko/!ernpoBaHHbix  —  6eM- 
HMTHoCi;  c  coflepxotmeM  ymepona  0,6. ..0,8  %  —  Map- 
TeHCWTHOM.  y  HM3KoaernpoBaHHbix  cTa/iew  b  stoh  aoHe 
B03M0)KH0  noBBoeuMe  Kap6nflHbix  BbiAeaenHfi  no  rpa- 
HHnaM  aepoH,  noaxoMy  ftna  yMenbUjemiB  HanpaxeHHfl, 
BbiaSaHHblX  CXpyKXypHbIMH  MSIVieHeHHflMH,  fl/IB  JlerHpO- 
BaHHbix  cxaneii  m  cxaneR  c  coAepxcaHHeM  yr/iepofla 
0,6. ..0,8  %  hboSxoaumo  npoeeAeniie  npeABapnxe;ib- 
Horo  noAorpesa  hah  nocAeAytoiuero  MeAAeHHoro  ox- 
AaxAeHMB, 

Ha  ynacxKe  4,  HarpesaioiueMCfl  ao  xeMnepaxypbi, 
6;ih3Kom  k  4|,  npoHcxoAHX  oxnycx  c  oOpaaoBaHi^eM 
cxpyKxypbi  aepHMcxoro  SewHHxa,  He  yxyAuxaioiAeCi  we- 
xaHUMecKHX  CBoticxB  MaxepHaaa.  Paawep  aoHbi  xepwH- 
HeCKOrO  BAMBHMB  M3MeHMACB  OX  3  AO  5  MM. 

Dpn  cpaBHMxeAbHbix  HcnbixaHMfix  na  paapbiB  npon- 
Hocxb  csapubix  coeAHHGHHH,  ROAyMeHHbix  cnooo6oM 
cxbiKOBOM  cBapxH  conpoxHBAGHweM,  B  1,5. ..2,0  pasa 
BblUje,  HSM  y  COGAHHeHMH,  BbinOAHGHHblX  SAeKXpOAy- 
roBofi  CBapKOH,  npuMsiieHne  cnoco6a  KOHxaxxHo-cxbi- 
KOBoCi  CBapKM  A8a  npyxflXH  xoaoahoh  nasuBKH  yAymua- 
ex  caHHxapHo-n/iraeHHMecKHe  ycAOBna  xpyaa  CBapiAW- 
xa,  noBbimaex  npon3BOAHxeAbHocxb  xpyAa  b  2,0. ..2,5 
paaa,  coKpaiAaexMHcAeHHocxho6cAyx<HBaioi4ero  nep- 
coHaaa,  ctiHxaex  xpyAoeMKocxb  b  5...6  pas. 

3/1EKTPOHHO-nyMEBA51  CBAPKA  rUflPOLtMilMH- 
flPOB  V13  BbICOKOnPOMHbtX  CTA/IEM  B  TEPMO- 
ynPOHHEHHOM  COCTOPHMM.  A.  C.  naa/ioB,  B.  H. 
SaxapoB  (Hny,  AO  «rMApoMaw»,  r.  Hobfo- 

POA,  p<t‘)-  B  KOHCXpyKUHBX  CHAOBbIX  ySAOB  XHAPOCHC- 
TBM  luaccM  caMOAexa  aiwpoxo  npnMeHAroxcn  Bbtcoxon- 
poHHbie  cxaAM  MapKH  30XrCH2A,  ycneioHo  coeAnnae- 
Mbie  cnoco6oM  SAeicxpoHHo-AyHeBoCi  csapKH  (3/lC)  c 
nocAeAyiomeCixepMoo6pa6oxKOM  caapHbixyanoB  b  ne- 
Hax.  OAHaKo  anaHHXGAbHbie  xpyAHOcxH  BOSHHxaiox  b 
CAynae  McnoAbsoEaHHB  axoro  npopecca  aah  coeAHKe- 
HMA  AexaAeR,  cBapMBaeMbiXBxepMoynpoHHenHOM coc- 

XOBHHH,  nOCKOAbXy  B  OKOAOIAOBHOH  30He  CBapHOPO  CO- 

eAHHeHHA  o6pa3yioxcq  soHbi  pasynpoAneHUB  w  noA- 
KaAKH.  Ann  noAXBepxASHHB  ashhom  rnnoxe3bi  6biAH 
npOBGAGHbl  HCCAGAOBaHHB  3/IC  H  AOKaAbHOM  XepMM- 
HecKoii  oOpaSoxKH  ysAOB  na  cxoam  30XrCH2A  a  xep- 

MOynpOHHeHHOM  COCXOBHUH. 

PaapaOoxan  xexHOAOXHHecKMH  npou,enc  3/lC,  Koxopam 
BbinOAHAiOX  B  eAHHOM  XGXHOAOrHMeCKOM  UMKAG.  OH 
BKAioMaexxpHxexHOAorHHecKMeonepaut'iM;  AOKaAbHbiil 

npeABapMxeAbHbiM  noAcrpes,  csapicy  m  aoHaAbHyra 
xepMMMecKyio  o6pa6oxKy  (3TO)  CKaHHpytoiAHM  AyxoM. 
OnbiXHbiM  nyxGM  onpGASAGH  onxHMaAbHbifi  AHanaaoH 
ocHOBHbix  napaMGxpoB  pexMMOB  noAorpeBa,  csapKH  h 
xepMMHecKovi  o6pa6oxKH. 


by  a  coaresned  ferritic-pe^irlitic  structure  and  that  in 
alloyed  steels  -  by  the  martensitic  structure. 

Region  3,  where  heating  occurs  within  a  temperature 
range  of  is  characterized  by  the  following  mic- 

rostruoture:  for  medium-carbon  steels  —  ferritic-pear- 
litic  but  with  a  smaller  grain  size  than  in  region  2;  for 
low-alloy  steels  —  balnitic;  and  for  steels  with  a  carbon 
content  of  0.6-0. 8  %  —  martensitic.  Formation  of  car¬ 
bide  precipitates  along  the  grain  boundaries  might  occur 
in  this  region  for  low-alloy  steels.  Therefore,  to  decrease 
stresses  induced  by  structural  transformations  in  alloyed 
steels  and  steels  with  a  carbon  content  of  0.6-0. 8  %,  it 
is  necessary  to  subject  them  to  preheating  or  postv/eld 
delayed  cooling. 

Region  4  heated  to  a  temperature  close  to  A^  is  char¬ 
acterized  by  tempering  to  form  structure  of  granular 
bainite,  which  does  not  deteriorate  mechanical  proper¬ 
ties  of  the  material.  In  this  case  size  of  the  HAZ  varies 
from  3  to  5  mm. 

Comparative  tensile  tests  of  flash  butt  welded  joints 
show  that  their  strength  is  1 .5-2.0  times  as  high  as  that 
of  electric  arc  welded  joints.  Flash  butt  welding  of  cold- 
coil  springs  features  improved  sanitary- hygienic  wor¬ 
king  conditions  of  welders,  rise  of  2. 0-2. 5  times  in  pro¬ 
ductivity,  reduction  of  the  number  of  attending  person¬ 
nel  and  decrease  of  5-6  times  in  lafoour  consumption. 


ELECTRON  BEAM  WELDING  OF  HYDRAULIC  CYLIN¬ 
DERS  OF  HEAT-HARDENED  HIGH-STRENGTH  STE¬ 
ELS.  A.S.Pav/ov,  V.I.Zakharov(NGTU,  AO  "Gidromash”, 
Nizhny  Novgorod,  Russia).  High-strength  steels  of  the 
30KhGSN2A  grade  are  widely  used  for  making  load-car¬ 
rying  structures  of  hydraulic  systems  of  aircraft  landing 
gear.  These  steels  are  successfully  joined  by  electron 
beam  welding  (EBW)  with  postweld  heat  treatment  of 
weldments  in  furnaces.  However,  substantial  difficulties 
arise  with  this  process  used  to  join  pieces  which  are  in 
a  heat-hardened  condition,  as  it  results  In  the  formation 
of  weakened  and  underquenched  zones  in  the  HAZ  of 
the  welded  joint.  To  prove  this  hypothesis,  investigations 
were  conducted  to  study  EBW  and  local  heat  treatment 
on  units  of  steel  30KhGSN2A  in  the  heat-hardened  con¬ 
dition. 

The  EBV\/  technology  realized  in  a  single  technological 
cycle  was  developed.  It  includes  three  technological 
operations:  local  preheating,  welding  and  zonal  heat  tre¬ 
atment  (ZHT)  using  a  scanning  electron  beam.  The  op¬ 
timal  range  of  basic  parameters  of  preheating,  welding 
and  heat  treatment  was  determined  experimentally  on 
the  basis  of  experimental  data. 

Preheating  of  surfaces  of  the  weld  edges  to  250-300  *  is 
performed  with  a  scanning  electron  beam  which  has  a 
low  power  constituting  only  20-25  %  of  the  yielding  power. 
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CBAPHUE  K0HCTPyKI4l^l/l _ 

npeflBapnTe/ii>Hbm  noflorpsB  noBepxi-iooTH  KpowioK 
CBapMBaeMoro  CTbixa  flo  250. ..300  "C  ocyu.tecTBJiBeTCB 
CKamipyioinMM  aaeKTpoHHHW  jiyMoivi  HeOonbuJofi  Motu- 
HOCTM,  COCTaB/lBtOUtell  20...  25  %  MOUiHOCTU  CBapKH. 
yfle/ibwaq  MOU^nocTb  npw  CBapKe  He  AO.n>KHa  npcBbi-  | 
LuaTb23X10'*BT/cM^,  T,  e.  onTHMa/ibnyio  jcpiB  pacnjiaB-  | 
/lenHB  AaHHoro  oOiiSMa  MeiaJi/ia. 

3KcnepMMeHTa/ibHo  ycranoB/ieHo,  mto  HaMdoaee  6jia- 
ronpMBTHOH  HBaBeTCfl  Jiyna  b  tpopMS  sn- 

/iHnca  c  oTHouieHHRM  oceti  1;2  npw  pacnoaoxenHH 
6o.nbiiJoti  ocH  nepnenflHKynspno  CTbiKy  c  aarayOaeHM- 
eM  Jiyna  na  2/3  ro/ia\MHbi.  flpM  BbiOpaHHoti  ct)opwe  oc- 
UMP/iHMHH  npoMcxoABT  HawOo/iee  6.naronpnfn'Hbie  pac- 
npeAepeHMH  npoiHocTM  moi.uhoctm  py^a. 

OnTHMapbuaq  reMneparypa  Harpesa  ne  .qoaxHa  npe- 
BbiiLiRTb  TGMnepaTypy  BbicoKoro  ornycKa  (650  ’C).  Scf)- 
(I^OKTMBHOcTb  HarpeBa  B  aonax  noAKaPKH  ao  Tewnepa- 
Typbi  BbicoKoro  oTnycKa  650  ’C  aaBHom  or  cooTHOiue- 
HMP  {cKopocTH  nonepeHHoro  ncpcMemeiiMB  k 

CKOPOCTM  npOAOPbHorO  riGpGMGI.HeHHP  OTHOCHTSPbHO 
OCH  lilBa).  npH  CKOpOCTH  CBapKH  10...  14  m/>(  sacTOTa 
CKaHHpoBaHHB  AOiPKHa  cocTaBAHTb  800...  1000  rp.  Ha- 
MeHOHHe  B  CTOpOHy  yMeHbUJeHHfl  npHBOAHT  He 

TOJibKo  K  Har  peoy  qo  bijICokhx  leMneparyp  son  noqK- 
/laAKH  cBapnoro  iiiBa,  ho  h  xero  paaynpoHneHHio,  ripn 
HacTOTe  cKaHHpoBaHHfi  6oaee  1000  fq  TGMnepaTypa 
HarpeBa  npeBbiiuaeT  650  ’C,  hto  cnocoOcTByer  pocry 
aepna. 

AriHTe/ibHocTb  BbiAepxKKH  npH  TeMneparype  650  ‘C  b 
nponecce  3TO  OKaauBaeT  BBHBUHe  na  pasMep  aepna 
B  30He  noAxaBKH  H  Ha  noKasarejiH  naacTHMHocTH.  3k- 
cnepMMeHTa/ibHO  ycTaHOB/ieiio,  mto  npoAorixcHTeab- 
HOCTb  BbiqepxKH  AO/ixHa  cocTaDariTb  25. ..30  mhh. 
TaKHM  oOpaaoM,  nyreM  HcnoHbaoBaiHiH  3/1C  h  3TO 
cKaHHpyioLUHM  ayMOM  mo)kho  nonyMHTb  HaAexcHbie,  pa- 
6oTocnoco6Hbie  coeAHneHHH.  PaapaOoTana  h  BHeqpe- 
Ha  Ha  npoAnpHHTHH  AO  «rHAPOMaui»  TexHoaorufi  3/lC  i 
c  nocneAyioiueH  3TO  coapHwx  coeAHHenHH  thapoah-  1 
TtHHApoB  H3  craan  MapxH  30XrCH2A  b  xepMoynpoM-  | 

HGHHOM  COCTOSIHHH, 

OnbIT  PEMOHTHOSil  CBAPKH  HA  /lOnATKAX  TYP- 
BMH  rASOnEPEKASMBAKJlMMX  ArPEPATOB.  H.  M. 

Pt^H'^yK  (Mh-t 9/ieKTpocBapKM HM.  E.  O.  ParoHa,  r.  Khgb, 
yKpamia),  B.  A.  Mar  Bees  (CKE  «Coio3ra3TexpeMOHT», 
r.  EpBHCK,  P0).  BoccTaHosaeHHe  noBpexAenHbix  npn 
SKcnayaraAMH  raaorypSHHHbix  aonaTOK  BBaaeTCB  Ba>K- 
HbiM  a-bh  chhxohhh  saxpaT  na  npHoSpexenne  xypOnn 
3apy6e>KHOxo  npoMasoACTBa,  b  aaoxHocxH  b  raaonepe- 
KaMHBaioLUHX  arperaxax  MaxMcxpaabUbix  raaonpoBo- 
AOB.  /lonaxKH  pacnoaaraioxcn  b  sohs  naHOoaee  Bbico- 
KHX  Tewnepaxyp  h  oxhochxch  k  oahhm  h3  caMbix  ox- 
BexcxeeHHbix  AGTaaeCi  xypOnubi.  PeMOHX  aoKaabnux 
AecfieKTon  na  aonaxKaxxypOHH  HMriopxHoro  npoHSBOA- 
CTBa  peKowienAyexcH  BbinoaHHXb  b  cneuHaansHpoDan- 
Hbix  npeAnpMnxHxix  aa  pyOexoM. 

B  H3C  paapaOoxaHa  xexHoaorMH  saaapKH  SKcnayaxa- 
qnoHHbix  AEtfieKXoB  aonaxoK  xypOnH  HMnopxHoro  npona- 
BOACTBa  oxeMonxBeHHbiMH  cBapoHHbiMH  MaxepHaaawH. 
HanpaBxiritomHe  nonaxKH: 

•  TB/l,  H  THfl  rasoreHepaxop  «3boh»,  k  900  "C  h 
T  =  650  ‘C,  cnxiaB  Hastelloy  X; 

•  TBfl  rTK-10  14,  Tp  «  900  '  C,  cnqaB  FSX-414  (Cr-Cr- 
Ni-W); 

•  THfl  rTK-1014,  T  «  700 *0,  cnxiaB  N-155  (Fe-Or-CO-Wi). 


_ WELDED  STRUCTURES 

Specific  power  in  v/elding  should  not  exceed 
23X10"*  W/cnn^,  i.e.  if  should  be  optimal  for  melting  a 
given  metal  volume. 

As  experimentally  establislied,  the  most  favourable 
beam  oscillation  is  that  in  the  form  of  ellipse  with  a  ratio 
of  axes  equal  to  1 :2,  where  the  large  axis  is  normal  to 
the  joint  and  the  beam  penetrates  into  the  metal  to  2/3 
of  Its  thickness.  This  form  of  oscillation  provides  the 
mo.st  favourable  distribution  of  the  beam  power  density. 
The  optimal  temperature  of  heating  should  not  exceed 
the  temperature  of  high-tempering  (650  'C).  The  effici¬ 
ency  of  heating  within  the  underquenched  zones  to  the 
temperatureof  high-tempering,  I.e.  T- 650 "C,  depends 
upon  the  ratio  of  v/v,  (speed  of  transverse  displacement 
to  speed  of  longitudinal  displacement,  relative  to  the 
weld  axis).  At  a  welding  speed  of  10-14  m/h  the  scan¬ 
ning  frequency  should  be  800-1000  Hz.  A  change  in 
v,/V|  toward  decrease  leads  not  only  to  heating  to  high 
temperatures  of  the  backing  zones  of  the  weld,  but  also 
to  its  weakening.  At  a  scanning  frequency  of  more  than 
1 000  Hz  the  heating  temperature  exceeds  650  *C,  which 
leads  to  grain  growth. 

The  time  of  holding  at  a  temperature  of  650  'C  during 
the  ZHT  process  affects  the  grain  size  in  the  backing 
zone  and  values  of  ductility.  As  experimentally  found, 
the  time  of  holding  should  be  25-30  min. 

Therefore,  EBW  and  ZHT  using  a  scanning  electron 
beam  provide  reliable  and  serviceable  Joints.  The  EBW 
technology  followed  by  ZHT  of  the  welded  joints  was 
developed  by  Gidromash  and  applied  for  joining  hydra¬ 
ulic  cylinders  of  steel  30KhGSN2A  in  the  heat-hardened 
condition. 


EXPERIENCE  OF  REPAIR  WELDING  OF  TURBINE 
BLADES  USED  IN  GAS-PUMPING  PLANTS.  N.I.Pinc- 
huk(E.O.Paton  Electric  Welding  Institute,  Kyiv,  Ukraine), 
V.A.Mah'eev  (SKB  “Soyuzgaztekhremont",  Bryansk, 
Russia).  Repair  of  gas  turbine  blades  damaged  in  ope¬ 
ration  is  important  for  reducing  costs  for  buying  foreign 
turbines,  in  particular  at  gas-pumping  plants  of  main 
pipelines,  Blades  are  located  in  the  zone  of  the  highest 
temperatures  and  are  regarded  as  the  most  critical  tur¬ 
bine  parts.  It  is  commonly  recommended  that  repair  of 
local  detects  in  foreign  turbine  blades  be  performed  by 
specialized  foreign  companies. 

The  E.O. Baton  Electric  Welding  Institute  developed  a 
technology  for  repair  welding  of  service  defects  in  fo¬ 
reign-make  turbine  blades  and  vanes  using  domestic 
welding  consumables. 

Vanes: 

.  TFE  ((turbofan  engine)  and  TSC  (turbo-supercharger) 
gas  generator  <'Avon»,  P  a  900  ‘C  and  Tf «  650  'C,  alloy 
Hastelloy  X; 

.  TFEGTK-101,  T,a900'C,  alloy  FSX-414  (Co-Cr-Ni-W); 
o  TSC  GTK-101,  Tfa  700 'C,  alloy  N-155  (Fe-Cr-Co-Ni); 
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Pa6o4Me  jionaTKM: 

•  THfl  FTK-IO  M,  T  650  ’C,  HiiKe/iesbiti  cn/iaB  Udimet 
500  (I  Al,  Ti  6 

•  TBfl  ITK-IO  M  M  rTK-25  H,  Tp«830  m  850  ’C,  hm- 
Ke/iesbiM  cn/iaB  Inconel  738  (S  AI,Ti  6,8  %). 

Pa6oTbi  no  oTpa6oTKeTexHonornM  peMOHTHoii  csapKM  n 
BoccTaHOBneHHiononaTOKocymecTBnnjiM  na  peMOffTHon 
Saae  MnnraanpoMa  b  BpancKe.  PeMOHTy  noABepra/in 
nonaiKM,  naxoflUBLUnecn  b  aKcrmyaTaunn  10...20Tbic.  h 
c  /loxaabHbiMM  3KcrinyaTa4MOHHbiMH  flecfjeiaaMw.  Hoc- 
aeflHMe  npeAcraanAJin  co6ofi  b  ocHOBHOMyHacTKn  paa- 
pymeHMB  raaoBow  KoppoaneCi  sbixoAHow  kpomkh  m  Bep- 
xymeK  nonaioK.  PaaMep  AG'f'eiaoB  KoneSaacB  ot  to- 
HewHbix  AnaweapoM  b  HecKoxiBKO  MM/iiiMMeTpoa  ao  paa- 
pyineHMM  6onbUJOM  npoTBxeHHOCTH  (50...  120  mm). 
3HaHHTe/ibHaq  nporexeMHOCTb  Ae({>eKTOB  xapaKrepua 
ABB  Boex  BHAOB  HanpaBBBtoiMMX  BonaxoK,  a  xaxxe  pa- 
6omhx  BonaroK  na  cnBaaa  Udimet  500. 

HannaBKy  kpomkh  m  aaeapKy  oTAeBbHbix  AetfieKTOB  ray- 
6nHoCi  A0  3...5  MMBonaroKMa  cnBaBOBN-155,  FSX-414 
M  Hastelloy  X  BbinOBHBBH  HenBaSBUtHMCB  BOBb(1)paMO- 
BbtM  sBeiapoAOM  B  aproHe  c  npHcaAKon  rpobobokom 
MapKM  08X25H20C2P1  (351532),  pa3pa6oTaHHOH  b 
M3C  HM.  E.  O.  riaTOHa.  BBaroAapa  McnoBbaoBaHHio 
npMcaAKH  o6ecneHMBaeTCB  noBbiLueHHaa  cTotiKocTb 
UJBOB  npOTMB  06pa30BaHH!1  TpeiUHH  M  BblCOKOTeMne- 
paxypHOH  raaoBOH  Koppo3nn, 

PeMOHX  pa6oHHX  BonaxoK  H3  HMKeBesbix  crinaBOB  Udimet 
500  M  Inconell  738  BbinoBHfuiH  MHKponBaaMeHnon  HanaaB- 
KOH  c  npHcaAKofi  rpauynHpoBaHHoro  HHKeaeBoro  cnaaea 
MapKH  XH60MBIO  c  coAepxaHHeM  aaioMHHHa  ao  4  %  . 
Docae  aaeapKH  Ae(J>eKxoB  aa  aonaxKM  TBA  H3  HHKeae- 
Bbix  cnaaBOB  Hastelloy  X  h  Inconell  738  HaHocnBH  aa- 
mwxHoe  noKpbixMe  cnocoSoM  ebicoKoxeMnepaxypHoro 
ocaxASHHB  cnaaBa  CO-(NI)-Cr-A1 -Y.  ,  ' 

TexHOBorMB  peMOHXHoii  cBapKW  Sbiaa  ycneuiHo  BfieA' 
pena  Ha  peMOHXHoil  6a3e  MHHraanpoMa  b  r.  BpnHCKe 
H  Ha  SnepropeMOHXHOM  aaBOAe  b  r.  KaMbiujMH.  Onbix- 
HO-npoMbiLuaeUHaB  aripo6auMB  BoccxanoBnenHbix  ao- 
naxoK  B  ycBOBHBX  aKcnayaxaLiMH  Ha  KOMnpeccopHux 
cxaHAHnx  (KC)  AePicxByioiuHX  rasonpoBOAOB  noKaaana 
HX  BbicoKyio  pa6oxocnoco6Hocxb.  CoraacHo  AanHUM 
Ha  KOHeu  1991  r.,  AJinxeabHocxb  3Kcnayaxaunn  Han- 
paBBBioiAHxaonaxoK  M3  cnaaBoe  Hastelloy  X  (TnaMenb- 
xpancras),  FSX-414  (BoarorpaAxpancraa)  m  N-155 
(HepKaccbixpancraa)  npeBbiiuaaa  cooxeexcxBeHHo 
21000,  12300  M  8000  H.  AaMxeahHocxb  SKcnayaxapHM 
pa6oHMX  aonaxoK  M3  cnaaea  Udimet  500  (BoarorpaA- 
xpaHcraa)  npeebimana  9600  m.  OxpeMOHXMpoaaHHbie 
aonaxKM  m3  Ka>KAoro  cnaaea  MCMMcaaaMCb  coxhbmm. 
KoBMHecxBO  aonaxoK  conaoBoro  annapaxa  M3  cnaaea 
FSX-414  npeBbiLuaao  1000  ujx. 

PaCoMMe  aonaxKM  M3  xpyAHOceapiiBaeMoro  HMKeaeEoro 
cnaaBa  Inconel  738  ObiaM  BbinoaHeHU  b  orpaHMHeHHOM 
ofiteMe.  20aonaxoK6biaMycxaHOBaeHbi  BTBfl  Ha  KC  «Cox- 
paHOBKa«  (BonrorpaAxpaHcraa),  A^MxeabHocxb  mx  SKcnay- 
axauMM  paBnaaacb  10080  h.  35  aonaxoK  naxoAMaMCb  b  sk- 
cnayaxauMM  na  KC  «flaBbiAOBCKaB»  (Mocxpancraa).  Hocae 
3KcnayaxauMM  exeneHMe  12300  h  aonaxKM  He  MMeaw  noB- 
pexAOHMM  M  I'lx  aKcnayaxaAMB  6biaa  npoAoaxena. 
OxMeMena  yAosaexBopMxeabHaa  npoMHOcxb  cuenaeHMB 
o6omx  bmaob  HanaaBaeHHoro  Mexaaaa  c  noKpbiXMeM. 


Blades: 

.  TSC  GKT-101,  «  650  'C,  nickel  alloy  Udimet  500  (L  Al, 

Ti  6  %); 

.  TFE  GTK- 1 01  and  GTK-251,  «  830  *0  and  «  850  'C, 

nickel  alloy  Inconel  738  (S  Al,  Ti  6.8  %). 

The  work  on  optimization  of  the  technology  of  repair 
welding  and  reconditioning  of  blades  was  performed  at 
the  repair  workshop  of  N/lingazprom  In  Bryansk.  Repair 
was  done  on  blades  which  had  been  in  use  for  10,000- 
20,000  hours  and  contained  local  service  defects.  The 
latter  were  mostly  in  regions  damaged  by  gas  corrosion, 
located  at  the  outside  edge  and  blade  tips.  Size  of  de¬ 
fects  varied  from  spots  with  a  diameter  of  several  mil¬ 
limeters  to  extended  fractures  50-120  mm  long.  Con¬ 
siderable  length  of  defects  is  characteristic  of  all  types 
of  vanes  and  blades  of  Udimet  500. 

Deposition  on  the  edge  and  welcjing  of  individual  defects 
to  3-6  mm  deep  in  blades  of  alloys  N-155,  FSX-414and 
Hastelloy  X  were  done  with  tungsten  electrode  in  argon 
using  filler  wire  of  (he  08Kh25N20S2R1  grade  (EP532) 
developed  by  the  E.O.Paton  Electric  Welding  Institute. 
The  use  of  the  filler  provides  an  increased  resistance  of 
the  welds  to  cracking  and  high-temperature  gas  corro¬ 
sion. 

Repair  of  the  blades  of  nickel  alloys  Udimet  500  and 
Inconel  738  was  performed  by  microplasma  welding 
using  a  filler  of  granulated  nickel  alloy  of  the  KhN60MVYu 
grade  with  an  aluminium  content  of  up  to  4  %. 

After  repair  welding  ot  defects,  the  TFE  blades  of  nickel 
alloys  Hastelloy  X  and  Inconel  738  were  covered  with 
protective  coatings  by  high-temperature  deposition  of 
alloy  Co-<Ni)-Cr-AI-Y. 

The  repair  welding  technology  was  successfully  applied 
at  the  repair  workshop  of  Mingazprom  in  Bryansk  and 
at  the  Power  Plant  Repair  Works  in  Kamyshin.  Industrial 
tests  of  the  repaired  blades  and  vanes  under  service 
conditions  at  compressor  stations  of  active  gas  pipelines 
showed  their  high  performance.  According  to  the  avai¬ 
lable  data  by  the  end  of  1991,  service  life  of  vanes  of 
Hastelloy  X  (Tyumentransgaz),  FSX-414  (Volgogradt- 
ransgaz)  and  N-155  (Cherkassytransgaz)  was  over  9600 
h.  The  repaired  vanes  of  each  of  the  alloys  amount  to 
hundreds  in  number.  Quantity  of  vanes  of  the  nozzle 
apparatus  of  alloy  FSX-414  Is  over  1000  pcs. 

Blades  of  hard-to-weld  nickel  alloy  Inconel  738  were 
made  in  limited  amount.  20  blades  were  installed  in  TFE 
at  the  compressor  station  "Sokhranovka"  (Volgogradt- 
ransgaz)  and  their  life  time  amounted  to  10080  h.  35 
blades  were  in  use  at  the  compressor  station  "Davy¬ 
dovskaya”  (Mostransgaz).  After  being  in  use  for  12,300 
h  the  blades  had  no  damage  and  remained  in  operation. 
Satisfactory  strength  of  adhesion  of  both  types  ot  the 
deposited  metal  to  coatings  was  noted. 
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CTABMJlbHOCTb  nPOLtECCA  CBAPKM  ftHMHHO- 
MEPKblX  ilMCTOBblX  KOHCTPVKUMM  HM3KOAM- 
riEPHOfi  CJKATOM  fi,yrofi.  C.  n.  ParynoBm,  B.  K. 
lUener,  B.  A.  LfbiraHOB  (Hayn. -mcnejn.  KOHcrpyK. -rex- 
Honor.  HH-T  cnapKH  m  sauim.  noKpt.iTHM  c  onbiT.  np- 
BOM,  r.  Mphck,  Pecny6fmKa  Benapycb).  noBbiujemie 
KoniJieHTpauMM  sHepri/tM  b  nsTHe  HarpcBa  npn  ceapKe 
cxaToPi  flyroii  nosBonfleTyneanHUTb  cKopooTt.  npoi^ec- 
ca,  yMeHbuiMTb  TenBOBrio>KeHKe  Ha  eAuni'iny  flJiMHbi 
liiBa,  a'raioKeero  UJMpHHy.  3to  CBFtaaHO  npexfle  Bcero 
c  pacnpefleaenMeMTOAUJiMHbi  npoc/ioHKMpacnAaoaeH- 
Horo  Mexa/iJia  b  aone  ropeni'iB  flym  pj\9,  hctohhhkob 
nriasweHHoro  noToKa  pasHoti  KOHuenTpauMM.  npH  bo3- 
MOXHOCTM  peryjlHpOBaHMB  TOJiaj,HHbl  npOCAOMKM  pac- 
njiaBABHHoro  Mera/iBa  peiiiaercB  aaflawa  ynpaB/ienHB 
cpopMoii  30Hbi  npon/iaB/ienHB  m,  ciieAOBaTe/ibHO,  mox- 
HO  nepeCiTH  k  caapKe  npw  nonHxennoM  len.noBOH  MOip- 
HOBTM  MCTOHHUKa  Harpeea  aa  caeT  peryaMposaHHB  ra- 
aoflMHaMM'ieoKoro  BoaflePicTBHB  Ha  ceapoBiiyio  eauHy. 
PexHMbi  CBapKM  c  noBhimeHHbiM  cHBOBbiM  Boaflet^c- 
TBMGM  njiaaMbi  na  pacn/iaoBeHUbiM  MGianB  ocyiyecT- 
B/iqioTCB  c  noanbiM  npoHHKHoneHHeM  flyrn  cKSoab 
o5beM  CBapoHHOH  BaHHbi.  OfluaKo  flaBbHRHiuee  chh- 
X8HMe  TenJioBJioxeHMM  npM  yBe/iMaetiMti  Koiii^enT- 
paqHM  9HGprnM  B  nqine  Harpeea  orpamrieHo,  bto  cbb- 
aano  c  HapyuieHMeivi  ruflpoflHHaMHBecKOH  o6cTaH0BKH 
B  CBapOBHOil  BailMe  H3'3a  npeBblLUeUMB  H3  OTflGBbHblX 
y'lacTKax  cnaoBoro  BOSfleHCTBHq  naaaivieHiioro  noroKa 
Hafl  rpaBMTapMOHHbIMH  CH/iaMH  M  CMJiaMM  nOBepXHOC- 
THoro  HaTBxeHHB  Ha  rpaHHpe  xMflKocTi/i,  a  rascxe  c  no- 
RB/ieHMeM  HeCTaSMabHOCTM. 

ripOBGAGHO  MOARJIUpOBaHMS  CBapOMHOM  BaHHbi  npH 
CBapKe  AAHHHOMepHbIX  AMCTOBbIX  KOHCTpyKpMM  HH3KO- 
awnepHoCi  npoHi-iKaKiiiieM  cxaioH  flyroti  co  cKBOSHbiw 
nponjiaBJieHHeM.  B  npeAno/ioxoiim'i  6e3rpaAneHTHOC- 
TH  KoatfjfpHLiMeHTa  nonepxHOCTHoro  HaTBxeHMq,  noc- 
TOBHCTBa  naoTHOcTH  raaoBoro  noToxa  fi/iq  ycraHOBHB- 
Luerocfl  nponenoa  B3anMOflGHCTBnq  pacn/iae.neHHoro 
MGTanJia  BanHbi  m  raaa  nonyMSHbi  ypasHenHq  6anaHca 
CH/i  M  TeanoB/ioxeHHM  b  ceapoMHoii  saHHe,  na  ocHose 
KOTOpbIX  npOBGflGHO  HCCaGflOBaHMG  CTaSMJlbHOCTM 

cnapoMHoti  eaunbi  BTcpMHuax  rjiaenbix  xpuTepHeB  no- 
flo6nq  rHflpOflHHaMHBGCKOrO  paBHOBGCHP.  npHBeflGHa 
ouGHKa  onTHMajibHbix  napaMGTpoB  pexi/iwia  cTa6nBb- 

Horo  BSaHMOfleMCTBHB  XHflKOCTH  H  raSa  B  CBapOHHOti 
BaiiHG  c  oflHoCi  KariMHJiqpHo-rpaBMTanMOHHOH  oo/ihom 
Ha  nOBGpxHocTH,  a  xaxxe  onpefle/iGHa  fl/inTeBbHOCTb 
paaBHTHB  HecTa6i/i/ibHocTW. 

ycTanonneno,  hto  cTa6nAbH0CTb  npoueccon  b  oBapoH- 
HOM  BaHHG  o6ecneHMBaeTcq  npM  onpeponcmibix  otho - 
liieHHBX  HHepuMoHHbix  CM/I  rasa,  rpaBMTaui-ionHbix  m  no- 
BepXHOCTHblX  CM/I.  HHepUMOHHUG  CM/lbl  I'asa  flO/IXHbl 

npeBbii-uaTb  rpaoMTauMoiiHbie  b  xmakoctm,  ho  hg  6biTb 
6o/ibiiJe  KanMA/iqpHbix.  Ha  ycAosMq  paRGHcrea  rpex 
cocTaR/iqmmMX  npopecca  onpeAeacHa  oniMMaabnaq 
TOALUMHa  MGTanaa,  cpaBHUK/iaq  c  paawGpoM  xanaM  b 
csapoMHOM  BaHHG.  noayMGHHoe  cooTHouieuMe  a/im  on- 
TMMaabHoiii  ToaiAMHbi  Mexaaaa  coenaao  c  onpeAeae- 
HMGM  OAHOM  AHMUbl  xanMaaBpHO-rpaBMTapMOHHOM  BOa- 
Hbl  Ha  nOBepXHOCTM  XMAKOCTM,  npM  XOTOPOM  CKOpoCTb 
ee  pacnpocTpaHGHMfl  MMUMMaabna.  HanpMwep,  Aaa 
cTaaM  onTMMaabHaq  ToniAMna  Mexaaaa,  npii  xoxopoM 
npoAGoc  caapxM  cxaSMaen,  cocxaBMaa  0,02  m,  npMMSM 
xapaxxepHaa  cxopocxb  raaoBoro  noxoxa  b  sxom  caynae 
paBHaaacb  120  m/c  Aaa  aprona. 


STABSLITY  OF  THE  PROCESS  OF  LOW-AMPERAGE 
CONSTRtCTED  ARC  WELDING  OF  LONG  SHEET 
STRUCTURES.  S.P.Ragunoviah,  V.K.Sheleg,  V.A.Tsy- 
ganov  (Research  &  Development  Institute  for  Welding 
and  Protective  Coatings  with  Pilot  Production,  Minsk, 
Belarus).  Increase  in  the  energy  concentration  in  a  heat 
spot  during  constricted  arc  welding  allows  the  process 
speed  to  be  increa.sed  and  heat  input  per  unit  length  of 
the  weld  and  its  width  to  be  decreased.  This  is  primarily 
associated  with  a  distribution  of  thickness  of  the  molten 
metal  interlayer  within  the  arc  burning  zone  for  plasma 
flow  sources  of  different  concentration.  The  possibility 
ot  regulating  thickness  of  the  molten  metal  interlayer 
helps  solve  the  problem  of  control  of  shape  of  the  pe¬ 
netration  zone.  This,  in  turn,  makes  it  possible  to  perform 
welding  at  a  decreased  thermal  power  of  the  heat  source 
by  regulating  the  gas-dynamic  effect  on  the  weld  pool. 
Welding  conditions  with  an  increased  force  effect  of 
plasma  on  the  molten  metal  provide  through  penetration 
of  the  weld  pool  volume  by  the  arc.  However,  further 
decrease  in  heat  input  with  an  increase  in  the  energy 
concentration  in  the  heat  spot  is  limited,  which  is  asso¬ 
ciated  with  violation  of  the  gas-dynamic  .situation  in  the 
weld  pool  caused  by  the  fact  that  in  individual  regions 
the  force  effect  of  the  plasma  flow  exceed.s  gravity  for¬ 
ces  and  surface  tension  forces  at  the  liquid  interface, 
as  well  as  by  formafion  of  instability. 

Modelling  the  weld  pool  in  welding  long  sheet  structures 
using  the  low-amperage  constricted  arc  with  through 
penetration  was  carried  out.  Equations  of  balance  of 
forces  and  heat  Input  in  the  weld  pool  were  derived  in 
an  assumption  of  the  gradient-free  surface  tension  co¬ 
efficient  and  constant  density  of  the  gas  flow  for  the 
steady-state  process  of  interaction  of  the  molten  metal 
and  gas  in  the  weld  pool.  The  equations  were  used  as 
the  basis  for  investigation  of  stability  of  the  weld  pool  in 
terms  of  the  main  similarity  criteria  for  hydrodynamic 
equilibrium.  Optimal  parameters  of  the  proce.ss  of  stable 
interaction  of  liquid  and  gas  in  the  weld  pool  with  one 
capillary-gravity  wave  on  the  surface  were  estimated 
and  the  time  of  development  of  instability  was  determi¬ 
ned, 

It  was  established  that  stability  of  the  processes  occur¬ 
ring  in  the  weld  pool  is  ensured  at  certain  relationships 
of  inertia  gas  forces,  gravity  and  surface  forces.  The 
inertia  gas  forces  should  be  higher  than  the  gravity  for¬ 
ces  in  a  liquid,  but  not  exceed  the  capillary  forces.  The 
optimal  metal  thickness  comparable  with  size  of  a  drop¬ 
let  in  the  weld  pool  was  determined  from  the  condition 
of  equality  of  three  components  of  the  process.  The 
obtained  relationship  for  the  optimal  metal  thickness 
coincides  with  the  determined  one-length  of  the  capil¬ 
lary-gravity  wave  on  the  surface  of  the  liquid,  at  which 
the  velocity  of  its  propagation  is  minimum.  For  example, 
for  steel  the  optimal  metalthickness  at  which  the  welding 
process  is  stable  is  0.02  m,  the  characteristic  gas  flow 
rate  in  this  case  being  120  m/s  for  argon. 

The  estimate  of  the  full  time  of  development  of  Instability 
of  Ihe  welding  process  was  compared  with  the  experi¬ 
mental  data,  The  comparison  showed  that  the  time  of 
formation  of  instability  and  the  time  of  induction  of  in¬ 
stability  were  in  good  agreement.  Under  conditions  of 
formation  of  instability  determined  mostly  by  the  Vl/eber 
number  (vibrational  mode)  the  experimental  estimations 
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npoBGASHO  cpasHenne  noJiyMenHoCi  oaghkm  no/iHoro 
speMeuM  pa3BMTM9  HecTa6MAbHocTH  npouecca  coapKH 
c  aKcnepuMeHTa/ibHbiMLi  flaHahiMii,  KOTopoe  noKaaano 
xopoujee  cooTBeTCTBue  npoAo/ixuTe/ibHocTU  Hacryn- 
ABHUB  HeCTa6HBbHOCTH  M  flBMTeBbHOCTU  MHflyKUHM 

HecTa6njibHocTH,  ripn  pexuMe  BosHUKHOBeHMa  HecTa- 
6M/lbHOCTM,  onpefleABeMOM  B  OCHOBHOM  HO  MMCBy  Be- 
6epa  {BM6pauMOHHbiM  pgxmm),  aKcnepuMeniaBbUbie 
oLteHKH  AawT  cooTHomeHMe  no/iHoro  epeMeHM  paaBM- 
TMB  HeCTaSUBbHOCTM  K  BpeMeHP  MHflyKlAMM  KaK  2:3. 

BJIMflHIME  BHELUHMX  3/lEKTPOMArHMTHblX 
BOSAEfiCTBVIM  HA  TEXHO/lOrUK)  3J1EKTPOUJ- 
JIAKOBOH  HAn/IABKM  nOKPblTMCi  M  MX  CBOMC- 
TBA.  A.  A.  PanHBHKo  (Hay^.-mcnea.  n  KOHCTpyKT.-rex- 
Horior.  mh-t  CBapm  n  samur.  noKphim^  c  onbir.  np- 
BOM,  r.  MmcK,  PeGny6nma  Be/iapych).  OianMUTeBb- 
Hofi  oooSeHHocTbto  Bcex  cBapoBHbix  TexHoaorufi, 
ocHOBaHHbix  Ha  aaeicrpoiijaaKOBOM  npopecce,  BBaneT- 

CB  HaBHHHG  Bbipa)KeHHblX  MarHHTHO-rMAPOfll'Il-iaMHMeC- 
KHX  (MPA)  BBasHHti,  conpoBO)KAaioiJU,Mx  BbiAeaeHMe 
AxoyaeBoro  lenAa  pacnaaBaeHHbiM  maaKOM.  BaaMMO- 
AsficTBHe  cBapoHHoro  Toxa  c  co6cTBeHHbiM  warHHT- 
HbiM  noaeM  {MPI)  npMBOAHT  K  noBBAetiHio  aaeKTpoMar- 
HMTHbix  CUB,  KOTopbis  pBUjaxsinMM  o6pa30M  onpeAB- 
ABioT  rMApoAHHaMHxy  caapoMHOH  eaHHbi,  a  c/ieAOBa- 
TSAbHo,  M  nponeccbi  TenAOMacconepeHoca.  rioaxoMy 
ecxecTBenHbiM  pbbbgtcb  nyxb  aaeicTpoMarHHTHoro  yn- 
paBBeHMfi  3THMM  npousccaMM. 

Kax  bhaho  M3  BhipaxeHMH  Aaa  aAeKxpoMarHMXHOM  cMAbi 

4  =  y  X  B,  AaB  3Toro  mmsiotch  abb  bosmoxhoctm.  flep- 
Baq  aaKAloMaeTCB  b  MSMeHBHMM  pacnpeAeAenMH  naox- 
HOCTMTOKa  B  CBapOMHOM  BaUHe,  BXOpafl,  — B  HanOXeHMM 
B  30Hy  CBapKM  BHeiiiHero  MPI,  cosAaBaeMoro  warHMXHbi- 
MM  CMCXeMaMM,  pacnOAOXBHHblMM  BHe  30Hbl  CBapKM. 
BxopoM  noAxoA  6oAee  nepcnexxMBeH  m  tmSkmm,  noc- 

KOAbKy  n03BOABeX  He  XOAbKO  MSMeHBXb  3Ha4eHMe  MH- 

AyxuMM  MR,  HO  M  ynpasAHXb  ee  HanpaBaeHMeM. 

Ha  npMMGpe  ropMaoHxaabHofl  aaeiapoiiJAaKOBOM  nan- 

ABBKM  paCCMOXpeHbl  B03M0XHOCXM  BHeiUHMX  aAGKXpo- 
MaXHMXHblX  B03AeMCXBMfi  {B3B)  HaxeXHOAOrMIO  M  CBOil- 
cxBa  noKpbixMti,  noBynaeMbix  c  McnoAbsoBaHMeM  no- 
poaiKOBbix  npMcaAOHHbtx  MaxepMaAOB  (FiriM). 
HaAoxeHMe  nonepe'iHoro  MarHMXHoro  noAB  (ox  0,04 
AO  0,075  Ta,  KOTAa  oho  He  oxaabiBaex  bambhmb  na  yc- 
xoMHMBocxb  npoxeKaHMB  oAeKxpoiUAaKOBoro  npopec- 
ca)  Ha  paaorpexyio  uJAaKOByio  saHHy  Bhisbmaex  M3Me- 
HOHMS  MPfl  o6cxaHOBKM  B  HGM,  HXO  PpMBOAMX  K  BMXpe- 
BOMy  abmxghmio  HiAaKOBoCi  eaHHU  b  aepxMKanbHOM 
AAOCKOCXM  CO  CKOpOCXBMM  POXOKOB,  AOCXMXaiOlAMMM 

0,5  m/c  npM  MHAyKUMM  MD  0,06  Ta,  a  xaKxe  k  Bbixec- 
HeHMK)  c  onAaBABetMoti  noBepxHocxM  pacnAaBAeHHoro 
XMAKoro  MexaAAa  BCAeAcxBMe  ero  6oAee  bwcokom 
OAGKXponpoBOAHocxM.  B  pesyAbxaxe  o6ecneHMBaexcq 
pBAxexHOAorMHecKMX  npeMMyiUGCxB,  xaxMx  KaxyBeAM- 
HeHMe  cKopocxM  HanAaBXM  ao  2,5. ..3,5  m/m;  yMSHbiue- 
HMe  caapoMHoro  xoxa  Ha  20. ..30  %,  cnocoOcxeyroLuee 
BoapacxaHMK)  xoaiJjCpMAMeHxa  HanAaBXM;  MMHMMMaa- 
UMB  xAySMHbi  nponAaBAeHMfl  ocHOBHoro  MaxepMaAa  m 
pasMepoB  30Hbi  cnAaBAGHMA;  CHMxeHMe  liiepoxosaxoc- 
XM  nOBepXHOCXM  nOXpblXMB. 

BcAeACXBMe  6oAee  BbicoxoCi  sAexxponpoBOAHocxM 
HacxMU  nriM  (WC),  no  cpaoHeuMKi  co  LUAaxoM,  BHetii- 
Hee  MaxHMXHoe  noAe  nooBOABex  ynpaBAaxb  mx  abmxs- 
HMGM.  KpoMe  xoro,  McnoAb30BaHMe  nonepeHHbix  MR 


yield  the  ratio  of  the  full  time  of  development  of  instability 
to  the  time  of  induction  equal  to  2:3. 


:  IMPACT  OF  EXTERNAL  ELECTROMAGNETIC  EF¬ 
FECTS  ON  THE  TECHNOLOGY  OF  ELECTROSLAG 
CLADDING  OF  COATINGS  AND  THEIR  PROPERTIES. 

A.A.  Radchenko  (Research  <S  Development  Institute  for 
Welding  and  Protective  Coatings  with  Pilot  Production, 
Minsk,  Belarus).  All  welding  technologies  based  on  the 
electroslag  process  are  characterized  by  the  presence 
of  clearly  defined  magneto-hydrodynamic  (MHD)  phe¬ 
nomena  which  accompany  release  of  Joulean  heat  by 
the  molten  slag.  Interaction  of  the  cladding  current  with 
the  natural  magnetic  field  (MF)  leads  to  formation  of 
electromagnetic  forces  which  have  a  decisive  effect  on 
hydrodynamics  of  the  weld  pool  and,  therefore,  the  heat 
and  mass  transfer  processes.  So,  the  electromagnetic 
j  control  is  a  natural  way  of  controlling  these  processes. 

I  As  can  be  seen  from  the  electromagnetic  force  expres¬ 
sion  4  =/  X  B,  this  can  be  realized  in  two  ways.  The 
first  Is  to  change  distribution  of  the  current  density  in 
the  molten  metal  pool  and  the  second  is  to  superpose 
the  external  MF  Induced  by  magnetic  systems  located 
outside  the  cladding  zone  on  this  cladding  zone.  The 
second  approach  is  more  promising  and  flexible,  as  it 
makes  it  possible  not  only  to  change  the  value  of  induc¬ 
tion  of  MF,  but  also  to  control  its  direction. 

Possibilities  of  applying  external  electromagnetic  effects 
(EEE)  to  influence  the  technology  and  properties  of  co¬ 
atings  produced  using  flux-cored  filler  materials  (FCFM) 
are  considered  by  an  example  of  horizontal  electroslag 
cladding. 

Superposition  of  a  transverse  magnetic  field  (from  0.04 
to  0.075  T,  where  It  exerts  no  effect  on  stability  of  the 
electroslag  process)  on  a  heated  slag  pool  causes  va¬ 
riations  in  its  MHD  condition,  which  leads  to  a  vortex 
movement  of  the  slag  pool  on  a  vertical  plane  at  flow 
rates  reaching  0.5  m/s  at  MF  induction  of  0.06  T,  as 
well  as  to  pressing  out  of  the  molten  metal  from  the 
melting  surface,  caused  by  an  increased  electrical  con¬ 
ductivity  of  the  metal.  This  results  in  a  number  of  tech¬ 
nological  advantages,  such  as  increase  in  the  cladding 
speed  to  2. 5-3. 5  m/h,  decrease  in  the  cladding  current 
by  20-30  %  causing  an  increase  in  the  deposition  effi¬ 
ciency,  minimizing  of  the  depth  of  penetration  of  the 
base  metal  and  sizes  of  the  fusion  zone  and  decrease 
in  roughness  of  the  coating  surface. 

Because  of  increased  electrical  conductivity  of  the 
FCFM  particles  (WC),  compared  with  slag,  the  external 
magnetic  field  enables  their  movement  to  be  controlled. 
In  addition,  the  use  of  the  transverse  MF  makes  it  pos¬ 
sible  to  change  structure  of  the  solidifying  metal  and 
markedly  refine  it  compared  with  the  metal  deposited 
without  the  MF  effect.  Structural  changes  are  accom¬ 
panied  by  improvement  of  such  mechanical  properties 
of  the  metal  as  elongation,  impact  toughness  and 
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flaer  BosMoxHocxb  usMeunTb  cTpyicrypy  KpucTan/iPsy- 
lOLuerocfi  MerajiTia,  saMOTHo  i/i3Meiib‘iaTb  ee  no  cpae- 
Heiimo  c  MeTa/i;1oM,  HannaojieHHbiM  6e3  eoafleticTBUfi 
Mn.  CTpyicrypHbie  HSMeHeHUP  conpoBoxflarajcft  yjiyB- 
LuenneM  TaKMX  MexaHUHecKnx  cbomctb  MeraBaa,  xax 
OTHocuTeabHoe  yflanHeHHe,  yflapHaa  BasKocTb  m  npoM- 
HocTb,  naMSonee  6aaronpnBTHoe  coBeraHne  xoropbix 
flocTuraercn  npn  MHflyKi4MH  MPl  0,06...0,075  Tji. 

Kax  noKaaaan  aKcnepuMenTaabnbiE  uccaeflOBaiinB, 
B3B  o6ecneqMBaeT  B03M0>KH0CTb  ynpaBaeni-in  rexHO- 
norn^ecKHMM  napaMexpaMM  a/ieKxpouuaaKoBoro  npo- 
uecca  KanBaBKH  n  ct)M3MK0-MexaHHHecKMMn  CBoPic- 
xsaMW  noKpbiTM^i  n  nonyMennq  xax  KOMnoanunoHHbix, 
xax  n  roMorenHbix  noKpbixuM  xoaiuiiHop  0,5... 5,0  mm  c 
xpeOyGMbiM  pacnpeAeaGHixeM  ynpoMUBiomePi  <J)a3bi. 

S/lEKTPOHHO-Jiy'iEBblE  TEXHOJlGmH  PJ\9 
C03AAHM$]  SAlllMTHblX  nOKPblTMlI  B  SAHAfl- 
HO-CMBMPCKOM  PEmOHE  POCCMM.  M.  B.  Pafl- 
yewra,  B.  r.  Pafl^enm,  tO.  O.  IUbbliob  (Ajiraii.  roc. 
rexH.  yn-T  utM.  H.  M.  nonsynoBa,  r.  BapHayn,  P0).  Ha- 
pafly  c  xpaflUHMOHHbiMH  TexuojiornaMM  ynpoHiienHa 
noBspxHOCTU  lUMpoKO  McnoAbayraxcq  BbicoKOKOHLieHX- 
pupoBaiiHbie  pcxoMMMKM  tiarpesa  —  naaaMeHHaq 
cxpyq,  AaaeppbiM  pyM,  s/ieKxpoHHbm  ny'ioK.  BaeiapoH- 
HbiM  ayn  Bsanexcq  oahmm  M3  nepcneKiMBiibix  nHcxpy- 
MGHXOB  flaq  HaHooennq  noKpbixuii. 

C  1 982  r.  6aaroflapq  noAflfipx<Ke  mhopmx  yieHbix  b  Aa- 
xaPicKoM  noaMxexHMMecKOM  MHCxnxyxe  6btao  oprann- 
aosano  noBoe  Hay-inoe  noApasAeaeuHe  — MexcsyaoB- 
CKaq  aonaabHaq  HM/1  saeicrpoNHO-ayMeBoCi  xexHO- 
aoruM  (HH/1  3/IT),  noao>t<MBUjaq  naqaao  HOBowy  Haya- 
HOMy  HanpaBaeHMKj  — KOMnaeKCHOMy  4)yHAaMeHxaab- 
HOMy  M  npuKaaAHOMy  MccaeAOBaHHro  npoueccoB  coa- 
AauMB  ynpoMiiqioiAMX  n  aaiAUxnux  noKphixun  Ha  Aexaaqx 
MaiiiMH  M  MHoxpyMeuxe  (KoaeHMaxbie  Baaw,  nopiUHH,  n.y- 
aHCOHhi,  AncKOBbie  nMabi,  aanopHaa  apwaxypa  m  ap  ). 
riepBhio  paOoTbi  KoaaeKTMBa  HM/I  3/IT  Obiaw  HanpaaneHbt 
Ha  peujeHHe  npo6;teMbi  ynpoHnenMH  noaepxHocxiibix  cjioeB 
cn/ianoB  HM3K03HeprexMHecKHMii  a/ieiapoHUbiMM  nyMKawH 
nyrsM  caMoaaKaaKu  Haxi-iAKoro  cocTonHHH.  Dapaans/ibHO 
B  MHCxmyre  cHPibHoxoHHOH  a/ieKipouMKH Tomckoto  4)H/ih- 
aaa  CO  PAH  h  MBcp  CO  PAH  (HobocmOmpck)  n3yHaancb 
pasJiM'iHbie  acnsKTbi  nponeoooB  oSpaOoxKM  nonepxHOCXH 
HM3KO-  M  BbicoKOSHeprexMHecKMMH  nyHxaMn  aaeKxpoHOB. 
no  Mepe  HaKon/ieHUH  HayHHoro  m  npoHSBOACXseHHoro 
onbixa  B  HH/I  3/IT  c4)opMMpoBa/iocb  HOBoe  nanpaB/ie- 
HMe  — onjiaBBsHHe  3.neKTpoHHbiMM  nyHxaMM  noKpbixHt), 
npeABapHTe/ibHO  HaneceHHbix  HanbmenMeM,  Domhmo 
Bbino/iHeHMfl  KOMn/iexcHbix  cfiyHAaMeHTanbHbix  Hccae- 
AOBaHMl^  nqaKMpOBaHHblX  nOKpblXMii  A^H  paSBHHHblX 
npeAnpiiHTMM  perpoHa  m  cxpanbi,  corpyAHMKaMP  HH/I 
3/iT  6biao  opraHMSoBano  cosAanpe  KOMnnexcoB  saeK- 
xpoHHO-nyHRBOP  annapaxypbi. 

PeayabxaxoM  aorwHecKoro  paaBPXpq  aaeKxpoHHo-ay- 
HeooPt  xexHoaorpp  nnampoBanm  noBepxnooxp  wape- 
/mPi  cxaao  naynHoe  p  npaxiPHecKoe  HanpaeasHPe  npq- 
MoPi  nopoLUKOBoPi  saexxpoHHo-ayHeBoP^  nanaasKP 
(3/IH)  c  Pcnoab30BciHPeM  anepxpp  saeKxponHoro 
nyHKa.  HanSoaee  PHxeHcPBHo  oho  cxaao  paaePBaibcq 
c  1990  r.  B  HH/1  3/IT  6biaa  cosAana  Haynnaq  rpynna, 
Koxopaq  B  paMxax  pqAa  rocyAapcxBeHHWX  HayHHWx 
nporpaMM  p  rpauxoB  aauPMaaacb  pccaeAOBaHpqMP 
Tenao(}3P3PHecKPX,  cpp.aPKO-MexaHPHecxPX  cbopctb 
cosAaeaGMbix  noxpbiTPPi,  paapaSoxxoPi  cnenpaap3P- 
poBaHHoro  oOopyAOBanpq  p  ocHacxxp  (nopooixoBbie 
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strength,  the  better  combination  of  which  is  achieved 
at  MF  induction  of  0,06-0.075  T. 

As  proved  by  experiments,  the  use  of  EEE  makes  it 
possible  to  control  technological  parameters  of  the  elec- 
troslag  cladding  process  and  physical-mechanical  pro¬ 
perties  of  coatings,  as  well  as  produce  composite  or 
homogeneous  coatings  with  thickness  ranging  from  0,5 
to  5.0  mm  and  desirable  distribution  of  the  hardening 
phase. 


ELECTRON  BEAM  TECHNOLOGIES  USED  IN  WES- 
TERN-SIBERiAN  REGION  OF  RUSSIA  FOR  PRODUC¬ 
TION  OF  PROTECTIVE  COATINGS.  M.V. Radchenko, 
V.G. Radchenko,  Yu.O.Shevtsov  (I.I.PoIzunov  Altajsky 
'  State  Technical  University,  Barnaul,  Russia).  Along  with 
traditional  technologies  of  surface  hardening,  the  ex¬ 
tensive  use  is  made  of  highly  concentrated  heat  sources, 
such  as  plasma  jet,  laser  beam  and  electron  beam.  The 
electron  beam  is  one  of  the  most  promising  tools  for 
coating  deposition. 

Thanks  to  the  support  rendered  by  many  scientists,  in 
'  1982  the  Altajsky  Polytechnical  Institute  arranged  a  new 
i  entity  —  ‘'Interdepartmental  Zonal  R&D  Laboratory  for 
!  Electron  Beam  Technology”  (R&DL  EBT),  which  laid  the 
basis  fora  new  scientific  area  -  integrated  fundamental 
and  applied  investigation  of  processes  intended  for  pro¬ 
duction  of  hardening  and  protective  coatings  on  mac¬ 
hine  parts  and  tools  (crankshafts,  pistons,  punches,  disk 
saws,  stop  valves,  etc.). 

Initial  efforts  of  the  R&DL  EBT  staff  were  aimed  at  solving 
the  problems  of  hardening  of  the  surface  layers  of  alloys 
using  low-energy  electron  beams  by  self-quenching 
from  the  liquid  state.  In  parallel,  the  Institute  of  High- 
Current  Electronics  of  the  Tomsk  subsidiary  and  the 
Institute  of  Nuclear  Physics  of  the  Siberian  Division  of 
the  Russian  Academy  of  Sciences  (Novosibirsk)  inves¬ 
tigated  various  aspects  of  the  surface  engineering  pro¬ 
cesses  involving  low-  and  high-energy  electron  beams. 
With  accumulation  of  scientific  and  industrial  experien¬ 
ce,  R&DL  EBT  has  formed  a  new  direction,  i.e.  electron 
beam  glazing  of  sprayed  coatings.  In  addition  to  com¬ 
prehensive  fundamental  research  of  the  clad  coatings 
for  different  national  enterprises,  R&DL  EBT  has  arran¬ 
ged  development  of  packages  of  electron  beam  equip¬ 
ment. 

The  scientific  and  practical  area  of  direct  powder  clad¬ 
ding  using  the  electron  beam  energy  was  the  result  of 
a  logical  evolution  of  the  electron  beam  cladding  tech¬ 
nology.  It  has  received  the  most  active  development 
since  1 990.  A  special  research  team  was  arranged  at 
the  Laboratory  to  study  thermal- physical  and  physical- 
mechanical  properties  of  the  coatings,  develop  speci- 
I  alized  equipment  and  fixtures  (powder  feeders,  beam 
I  control  devices,  cladding  manipulators),  and  train  engi- 
i  neering  and  scientific  staff  under  state  programs  and 
(  grants. 

Commercial  application  of  thermal-filament  guns  for  re¬ 
alization  of  the  process  of  electron  beam  cladding  sho- 
v/ed  their  insufficient  reliability.  Therefore,  the  Institute 
of  High-Current  Electronics  in  Tomsk  undertook  inves- 
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nuTareJin,  npuSopbi  ynpaBJieHUfi  ByMOM,  Mannny;ifiTo- 
pu  HanaaBKM),  a  TaKxe  noflroTOBKOM  MHXsnepHbix 
M  HayMHbix  KaflpoB. 

npOH3BOflCTBGHHOe  MCn0/lb30BaHMe  TepMOHaKajlbHblX 
nyaiex  p,m  pea/inaapnH  npopecca  3JIH  n0Ka3a.no  nx 
HeflocraTonnyio  naflexHocTb,  noaroMy  BonpocaMM  co- 
BepLueHCTBOBannfl  annapaTypw,  noBbiiueHna  pecypca 
paSoTbi,  pa3pa6oTKM  hobbix  nymeK  c  xonoAHbiM  Kaio- 
flOM  saHMManacb  HaynHaa  rpynna  b  HHCTPTyre  cunb- 
HOTOMHoti  aneKTpoHMKM  CO  PAH  {r.  Tomck). 
flaJibHePSi-uee  paasMTMe  axo  HanpasneHMe  nonyHMJio  b 
MHCTHTyxe  (t)M3MKM  npoMHOCTM  Maiepna/ioB  (r.  Tomck), 
TaxMM  o6pa30M,  c  1982  r.  no  HacTOHLuee  epeMB  b  3a- 
naAHO-CuGupcKOM  perwone  Poccmm  co3Aana  11  acp- 
ct)eKTHBHO  4>yHKAMOHMpyeT  pasBeTEneKHan  KaAposaa, 

HayMHan  m  onbixHo-nponsBOACTBeMHaB  Saaa  p,n9,  npn- 
MeneHKiB  b  paanHMHbix  06/iacTBX  3(t)4)eicTOBHbix  3Hep- 
ro-  M  pecypooc6eperaioiAMXTexHonornM  no  cosAanuK) 
SaUJlMTHblX  M  ynpOHHBHDLAMX  nOKpbITMM  SneKTpOHHblMH 
nyHKaMM  b  BaKyywe. 

OnPEflE/IEHME  TEXHOJlOrMHECKMX  HAPAMET- 
POB  3/lEKTPOHHO-JiyHEBOM  CBAPKM  METOflA- 
MM  CTATMCTMHECKOrO  MOAE^HPOBAHMU.  H.  T. 

PeMne,  fl.  A.  Bo/ikob,  P.  p,.  flsejiKMH  (OOO  «3/imoh», 
r.  Tomck,  AO  «HoBoci^6yipcKn(i  ssboa  XHMKOHi^eHTpa- 
TOB»,  r.  H0BOCK16HPCK,  P0).  Pa3pa6oTaH  n  ycneujHO 
McnoAbayexcB  mbtoa  onpeAeneHun  onxMManbHbix  na- 
paMexpoB  csapKii  pnB  nonyMeHUB  osapHbix  ixibob  nnn 
nponnaBneHMB  c  saA^HUbiMH  reoMexpnMecKHwin  paa- 
MepaMM,  ocHosaHHbiM  na  coaAaHMM  KOMObioTepMoti 
craxncTnHecKoti  MOAenn,  b  Koxopofi  aaAaexca  Bsan- 
MOCBflSb  noxeHUnanbHo  HeorpaHUMeHUoro  HaSopa  na- 
paMexpoB  aneKxpoHHoro  ncTOHHUKa  n  mx  coMexaHHi^  c 
pasMepaMM  m  i^opMoil  aoHhi  nponnaBnePHB. 

Ann  npoBepeHnB  sKcnepnMSHTOB  BbiSpaHO  uunnHApH- 
secKoe  M3Aenne  M3  anioMHHne8oro  cnnaBa,  b  KoxopoM 
BbinojiHBnH  HecKB03Hbie  nponnaaneHnB  b  peHXpanbHoi) 
nacTM  Topuesoil  cxeHKM.  3aAaHHbiMM  napaMexpawB  bb- 
naioTca  rnySuna  h  Bueuinnii  piHaMexp  nponnaBxieHna, 
a  xaioKG  rny6MHa  ycaAOMHoii  nyHKM.  Ha  nepEOM  oxane 
onpeAoneH  HaSop  napawexpoB  nyujKH,  npn  Koxopbix 
o6ecneMMBani'icb  6bi  nponnaB/iennn  c  pasMepawM,  He 
BblX0ABU4MMM  33  npeAeAbl  AOnyCKOB.  Oxo6paHbl  12  H6- 
saBWCMMo  perynnpyeMbix  napaMexpoB.  npeABapHxe/ib- 
HhiMH  3KcnepMM0HxaMH  ycxaHOBBeH  npnMepHbiH  Anana- 
30H  M3MeHGHMfi  KaxAoxo  H3  3XHX  oapaMexpoB.  flanee 
6bin  McnonbsoBaH  cxaxncxMHecKHil  roaxoa  Abb  moag- 
jiHpoBaHUB  npopecca  ct)opMnpoBaHHB  o6.nacxM  npon- 
naB/ieHHB,  npMMeHBnMCb  h  HssecxHbie  cxaxHcxMHecKHe 
MexoAbi  (nnaHnpoBaHwe  aKcnepnMeHxa  a^b  coKpame- 
HMB  Koni/i'iecxaa  onbrroe;  AHcnepcHOHHbiii  aHanM3  a^b 
BbtBSneHHB  3HaMMMblX  HapaMeXpOB;  perpeCCMOMMbIM 
anann3  a-bb  nocxpoeHHn  cxaxHcxHHeoKoil  perpeccMOH- 
Hoil  MOAenn),  Bee  bmabi  cxaxMCXHHecKoro  aHa/iH3a  ocy- 
meoxBABBH  c  McnonbSOBaHneM  Kownbioxepa  b  cpeAO 
cxaxHcxnHecKoti  anannxHBecKoil  cncxeMbi  SAS, 

AaHHbie  MexoAbi  no3BonM/iM  cosAaxb  cxaxucxMHecKMe 
MOAe/iH  abb  KaxAOH  M3  xpex  xapaKxepMCXMK  aoHbi 
nponnaBneHMB.  AaBbHeMLUMe  sKcnepMMeHXbi  npoeo- 
AMAM  Ha  MOAenBX.  flyxeM  MOAenHpoeaHHq  BbiaB/ienbi 
napaMexpbi  nyiuKM,  Koxopwe  oKasbiearax  HaMMGHbUJee 
BnHBHMeHaxapaKxepMcxMKM  nponnaBneuMB.  ftnBoxoro 
6biA  creHepMpoBan  12-<t)aKxopHbiM  nnan  AMcnepcMOH- 
HoroaHannaa  m  BbinonneH  pacnex,  noasonMBUJMM  cok- 
paxMXb  Koni/inecTBO  SHaMHMbix  napaMexpoB  m  ynpoc- 


j  ligations  aimed  at  improvement  of  the  equipment  and 
j  increase  in  its  service  life,  as  well  as  development  of 
j  new  guns  v/ith  cold  cathodes. 

This  area  was  further  developed  by  the  Institute  of  Ma¬ 
terials  Strength  Physics  (Tomsk). 

Therefore,  since  1982  and  up  to  now  the  wide  staff, 
scientific  and  experimental  production  base  has  been 
functioning  in  the  Western-Siberian  region  of  Russia, 
which  is  active  in  various  areas  of  efficient  power-  and 
resource-saving  technologies  intended  for  production 
of  protective  and  hardening  coatings  using  electron 
beams  in  vacuum. 


DETERMiNATiON  OF  TECHNOLOGICAL  PARAME¬ 
TERS  OF  ELECTRON  BEAM  WELDING  BY  THE  MET- 
!  HODS  OF  STATISTICAL  MODELLING.  N.G.Rempe, 
j  L.A.Volkov,  R.D.Pchelkin  ("ELION”,  Tomsk,  Russia; 
j  Stock-Holding  Company  "Novosibirsk  Plant  for  Chemi- 
j  cal  Concentrates"  Novosibirsk,  Russia).  The  method  for 
I  determination  of  optimal  welding  parameters  to  provide 
welds  or  penetration  with  preset  geometrical  sizes  has 
been  developed  and  is  currently  used  to  advantage.  The 
method  is  based  on  development  of  a  statistical  com¬ 
puter  model  v/hich  assigns  relationship  between  the  po¬ 
tentially  unlimited  set  of  parameters  of  an  electron  so¬ 
urce  and  their  combinations  with  size  and  shape  of  the 
penetration  zone. 

A  cylindrical  workpiece  of  aiuminium  alloy  with  a  non- 
through  penetration  made  in  the  central  part  of  its  end 
wall  was  chosen  for  experiments.  The  preset  parameters 
I  were  the  depth  and  outside  diameter  of  penetration  and 
I  the  depth  of  the  shrinkage  hollow.  The  first  stage  of  the 
:  experiments  included  determination  of  parameters  of 
the  electron  gun  to  provide  penetration  with  sizes  which 
are  notin  excess  of  the  set  tolerances.  12  independently 
regulated  parameters  were  selected.  Preliminary  expe¬ 
riments  established  an  approximate  range  of  variations 
of  each  of  the  parameters.  Further  on  the  statistical 
approach  for  modelling  the  process  of  formation  of  the 
penetration  zone,  as  well  as  the  known  statistical  met¬ 
hods  (experimental  design  to  reduce  the  number  of  ex¬ 
periments,  analysis  of  variance  to  reveal  significant  pa¬ 
rameters,  regression  analysis  to  construct  a  statistical 
regression  model)  were  used.  All  kinds  of  statistical  ana¬ 
lysis  were  performed  using  a  computer  in  the  SAS  sta¬ 
tistical  analytical  system  environment. 

These  methods  allowed  statistical  models  to  be  deve¬ 
loped  for  each  of  the  three  characteristics  of  the  penet¬ 
ration  zone.  Further  experiments  were  conducted  on 
models.  Modelling  revealed  the  gun  parameters  which 
had  the  least  effect  on  the  penetration  characteristics. 
For  this  the  12-factorial  design  of  analysis  of  variance 
was  generated  and  computation  was  made,  which  allo¬ 
wed  the  number  of  significant  parameters  to  be  reduced 
i  and  analysis  to  be  simplified.  The  new  experimental  de- 
I  sign  was  then  generated  on  the  basis  of  the  data  obta- 
I  ined  and  statistical  regression  models  of  formation  of 
j  the  penetration  zone  were  constructed.  Results  of  mo- 
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TMTb  anajiHS.  Ha  ochobb  no.nyMeHHi-ix  ^aHHbix  6bi/i 
BHOBb  creHepiipoeaH  n  Bbino/ineH  ruian  aKcnepMMenTa, 
nocTpoenbi  CTaTMCTH^ecKne  perpecci'ioHHbie  MOflean 
^opMMpoBauMPi  30Hbi  nponBaBJieHMB.  Pesy/ibTaTbi  mo- 
fle/inpoBauMB  6bt/iM  o6pa6oTaHbi  cneuna/ibnoi^  Kownb- 
lOTepHOM  nporpawMoCi,  hto  no3BO/in/io  yciaHOBUTb  ho- 
MMnajibi  TexHonornBecK'/ix  napatvieTpoB  ceapKH  n  Ao- 
nycKM  Ha  OTK/ioHeHMs  or  HOMnnaaoB.  TaKHM  o6pa30M, 
pac'ieTHbiM  nyrew  6hin  noBynen  TGXHoriornMeCKMM  pe- 
xcMM  nponjiasaeHUH. 

ripoBepKa  nojiyBGHMbix  Ha  moasabx  pexuMOB  6b\na  bw- 
noAHena  Ha  napiUH  M3  IBO  oCpasAOB.  Ha  Boex  o6pa3- 
uax  npoH3BeA6H  KOHTpOAb  BHeiiiHMX  xapaKTepucTHK 
nponnaBJiennB.  npon3BOAbHooTo6paHbi  30  o6pa3U,oB, 
HsroTOBAenbi  uinMcjjbi  a^i^  onpeAeAGHwa  rAyOnHU  m 
(JjOpMbI  riponAaBABHHB. 

nonyneHHbie  peayAbTaibi  cBMAereAbcTByioT  otom,  hto 
pa3pa6oTaHHaa  cTaTHCTHHGOKaa  MOACAb  c  AOCTaioH- 
HOM  TO'iHocTbio  0To6pa)KaeT  peaAbHyio  cBB3b  napabieT- 
pOB  OAOKTpOHHOfi  riyiLIKM  M  XapaKTOpMCTUK  30Hbl  ripon- 

AaBAGMMB.  Co3AaHHaa  MeTOAHKa  McnoAbsyeTca  a  nac- 
TOBLuee  BpeMB  Aaa  Bbi6opa  onTHwanbHNX  TexHOAorn- 
HecKMx  napaMGTpoB  aAeicrpoHHo-AyHeBoCi  annaparypbi 
Ha  ocHOBe  nyiLiex  c  nAasMenHUM  khtoaom  npii  CBapKe  I 
nOTOMHblX  H3AGAMH  OAO  «H0B0Cm6mPCKHH  3aBOA  XHM-  ‘i 
KOHUeHTpaTOB»,  I 

CTABMJIbHOCTb  nAPAMETPOB  aHEKTPOHHblX 
nVUJEK  C  nJlA3MEHHblM  KATOflOM  B  yCJTOBMHX 
ABTOMATM3MPOBAHHOrO  nOTOHHOrO  CBA- 
P04H0r0  nPOMSBOACTBA.  H.  P.  PeMne,  A.  A.  Kuc- 
mumPi,  H.  B.  OnywH  (OOO  r.  Tomck,  AO  «Ho- 

BOCi^6i/ipcKi'iPi  3aBo/i  xnMKOHLieHrpaTOB»,  r.  HoBOCi/t- 
6l^pCK,  P<t>).  B03MO>KHOCTb  npMMeHeHHB  CBapOHHbIX 
nyiiiGK  c  iTAaaMeHHhiM  xaioAOM  b  aBTOMaTHSHpoBaH- 

HOM  nOTOMHOM  CBapoHHOM  npOM3BOACTBe  HpM  AOBbl- 
lueHHbix  TpeSoBaHMBX  K  noAAepxauHto  saAaHHoro  pe- 
XMMa  CBapKM  Bbi3biBaAa  onpeAeABHHbie  coMHenna,  oc- 
HOBaHHbie  Ha  npeAnoAoxceHHBX  o  3aBMcnMocTH  napa-  j 
MBTpoB  BAaSMbl  H  OyHKa  OT  pBAa  HOKOHTpOAHpyeMblX  I 
BHeiiiHHX  cfiaKTopoB,  jaKHX  KaK  MaMeHSHHe  nanycKa  ra¬ 
sa  B  paapBAnyio  xaNiepy,  BoaMoxHaB  HecTa6MAbHocTb 
AaBABHHB  B  pa6Q‘ieCi  Kawepe  npw  ujaiosoboA  aarpyaxe 
MSAeAMtl  M  T.  A- 

Hawn  BbinoAKena  paOoTa,  HanpaaAeHHaB  Ha  noAyHeHiiG 
cTaTMCTH'iecKOM  MHf})opMaiJiHM  o  CTa6nAbHocTH  napa- 
MejpoB  caapKM  KOHCTpyKUHxi  n3  anioMMHMeBbix  cnaaBOB 
npi'i  ABMTeAbHofi  paOoTB  nyuuKM  b  aErrowaTHHecKOM  pe- 
XHwe.  flawHbie  noAyMeHbi  b  peaAbHbix  ycAOBHsx  aotoh- 
Horo  npoM3B0ACTBa  6e3  ripoMe.>KyTOHHofi  xoppeKTHpoe- 
KM  nepBonanaAbHo  saAaiiHbix  sAeKTpMHeoKHx  napawoT^ 
poB  sAeiapoHHO-AyMeBOH  annaparypbi . 
SAeKTpoHHO-AyMeBOH  oHeproKOMnAeKC  nocrpoGH  Ha 
Oaae  annaparypbi  3/1A-50/5T,  b  cocraB  Koropow  bxo- 
AHT  nyiuxa  c  nnaaMeHUbiM  xaroAOM.  riyiiiKa  ocHOBana 
Ha  3IVIMC0MM  sAGicrpoHOB  H3  orpaxaTeAbHoro  hhsko- 
BOAbTHoro  paapBAa  HMSKoro  AaBBeima  c  noAbiM  xaro- 
AOM.  PaspBAHan  cMcreMa  coAepXMT  rpM  HSOAnposaH- 
Hbix  «xoAOAHbix»  sAexTpoAa:  noAbiH  KaroA,  anoA  h 
aMMTTepHbiri  xaroA,  b  6oAbUJMHCTBG  CAynaGB  HMGiom'/vi 
noreHUiiaA  noAoro  KaroAa.  B  paapBAHofi  Kawepe  co3- 
AaGTCB  MarHMTHOG  nOAG.  B  3MHTGPH0W  KarOA®  BbinOA- 
HBGTCB  SMBCCBOHHhlB  KaHaA,  B  KOTOpOM  npH  HaAHMMH 
BHGUJHero  GAGKTpMMecKoro  noAB  AOKanHsyercB  naas- 
MGHHaB  nOBGpXHOCTb.  Bb!XOABa(He  H3  nAaSMl;!  aAGKT- 
pOHbl  yOKOpBIOTCB  B  3T0M  nOAG,  (t)OpWHpyiOTCB  B  nyHOK 
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delling  wgtg  procGssed  using  the  special  software, 
which  made  it  possible  to  establish  the  rated  technolo¬ 
gical  parameters  of  welding  and  tolerances  for  deviation 
from  the  rated  values.  Therefore,  the  technological 
mode  of  penetration  was  determined  by  computations. 
The  modes  determined  on  the  models  were  tested  on 
a  batch  of  180  samples.  External  penetration  charac- 
teristic-s  vjQte  checked  on  all  the  samples.  30  arbitrary 
samples  were  chosen  to  make  sections  for  determina¬ 
tion  of  the  penetration  depth  and  shape. 

The  results  obtained  prove  that  the  developed  statistical 
model  reflects  with  a  sufficient  accuracy  the  actual  re¬ 
lationship  between  parameters  of  the  electron  beam 
gun  and  characteristics  of  the  penetration  zone.  The 
method  developed  is  used  currently  for  selection  of  op¬ 
timal  technological  parameters  of  the  electron  beam 
eguipment  based  on  guns  with  plasma  cathodes  for 
welding  actual  pieces  at  the  Novosibirsk  Plant  for  Che¬ 
mical  Concentrates. 


STABiLITY  OF  PARAMETERS  OF  ELECTRON  GUNS 
WITH  PLASMA  CATHODES  UNDER  CONDITIONS  OF 
AUTOMATED  IN-LINE  WELDING  PRODUCTION. 

N.G.Rempe,  A.A.KisHtsky,  N.V.Onuchin  («£UON», 
Tomsk,  Russia;'  Stock-Holding  Company  «Novosibirsk 
Plant  for  Chemical  Concentrates»,  Novosibirsk,  Russia). 
The  possibility  of  using  welding  guns  with  plasma  cat- 
hode.s  in  the  automated  in-line  welding  production  with 
increased  requirements  for  maintaining  the  preset  wel¬ 
ding  conditions  caused  certain  doubts  based  on  assum¬ 
ptions  of  dependence  of  the  plasma  and  beam  para¬ 
meters  upon  the  number  of  non-controllable  external 
factors,  .such  as  variations  in  leak-in  of  gas  into  the  dis¬ 
charge  chamber,  probable  instability  of  pre,ssure  in  the 
work  chamber  in  sluice  loading  of  workpieces,  etc. 

We  completed  the  work  aimed  at  obtaining  statistical 
information  on  stability  of  parameters  of  v/elding  alumi¬ 
nium  alloy  structures  in  long-time  operation  of  the  gun 
in  the  automatic  mode.  The  data  were  obtained  under 
actual  conditions  of  in-line  production  without  interme¬ 
diate  correction  of  initially  set  electric  parameters  of  the 
electron  beam  equipment. 

The  electron  beam  power  complex  is  based  on  equip¬ 
ment  ELA-50/5T,  which  includes  the  gun  with  a  plasma 
cathode.  The  gun  is  based  on  emission  of  electrons 
from  the  reflective  low-voltage  low-pressure  discharge 
with  a  hollow  cathode.  The  discharge  system  comprises 
three  isolated  "cold"  electrodes:  hollow  cathode,  anode 
and  cathode  emitter  which  in  the  majority  of  cases  has 
a  potential  of  the  hollovz  cathode.  Magnetic  field  is  for¬ 
med  in  the  discharge  chamber.  The  emission  channel 
is  made  In  the  cathode  emitter.  The  plasma  surface  is 
localized  in  the  channel  in  the  presence  of  an  external 
electric  field.  Electrons  leaving  the  plasma  are  accele¬ 
rated  in  this  field,  form  a  beam  and  are  fixed  by  the 
magnetic  field  of  the  focusing  system.  The  gun  design 
is  based  on  the  use  of  metal-ceramic  units  whose  va¬ 
cuum  tightness  and  mechanical  strength  are  ensured 
by  the  electron  beam  welding. 
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M  (JjoKycMpyioTc.si  MarHiiTHbiM  nojieM  ct)OKycMpyroiiieM 
CMCTeMb),  B  KOHCTpyKpun  nyiUKM  ncno/ib30BaHbi  we- 
Ta/inoKC3paMMMecKi'ie  ysjiw,  repMeTMHHOCTb  n  Mexarni- 
HecKafi  npoHHocTb  KOTopbix  oSecne'iHBaeTCB  ajisKT- 
poHHo-JiyMeBoii  CBapKofi. 

coBMeu^euMB  nyiUKH  c  annapaTypow  3JiA-50/5T, 
paapaSoTaHHofi  nofl  TepMoxaTOAHyro  nyuJKy,  npoBeAe- 
Ha  ee  MOAepHnaai^MB.  BwecTO  Gaoxa  Haxaaa  n  cwe- 
lASHMB  B  annaparypy  BBepen  6aox  nuranMa  paapaAa. 
Aono/iHuieabHO  paapaGoraH  m  corjiacoBan  c  annapa- 
TypoR  nporpaMwiaiop  HMxna  ceapxn,  npeAHasHaHeH- 
Hbifi  a-HB  aBTOMaiMBecxoro  aanycxa  nyiuxii  ot  BHeiuHe- 
ro  cumana,  MSMeneHUB  Toxa  nywxa  no  saAaHHOMy  sa¬ 
xony  n  ynpaBJiennn  pe)KMMaMM  ctioxycnpoBKn  n  pas- 
BsprxM  nyBxa. 

Blnxa  ceapxM  paaGnx  Ha  nnib  nocBBAOBaxeabHo  Bbi- 
noiiHBeMbix  sTanoB:  bboa  Toxa  nynxa  nporpes 

M3Aeiira  BDoq  toxa  qo  aMnaiiryAbi,  aaqaBHofi 

peXHMOM  CBapXM  (?2"^3)-  CBapxa  BhtBOq  Toxa 

flBMTeAbHOCTb  xaxcqoro  H3  sjanoB  Moxei  pery- 
jinpoBaTbCB  OT  0,1  qo  10  c  c  qMcxpeTHOCTbX)  0,1  c. 
AMnBHTyqa  Toxa  Ha  ybacTxax  nporpeea  n  cBapxH  ycra- 
HasAHBaeTCfi  ot  0  qo  100  mA  c  qncxpGTHOcTbK)  1  mA. 
rioc/ie  aaBepmeHHfi  pMx/ia  ceapxM  BbiqaejCH  xoMaHqa 
Ha  noBopoT  MauHnynBTopa,  saxeM  CBapMBaeTCB  c;ie- 
qyroinee  HsqeaHe. 

PaGoTbi  BbinoBHenbi  Ha  a/iexipoHno-^nyHesofi  ycTaHoB- 
xe  npH  CBapxe  noTOHHbix  MaqeAHti  OAO  "HobochGhp- 
cxHM  sasoq  xwMKOHneHTpaTOB".  ycTaHOBxa  oGecneMH- 
Bana  HenpepbiBnyx)  maioaoByio  aarpysfcy  csapHBaoMbix 
M3Ae/lHH  C  nOJlHblM  KOHTponeM  UHX/lOB  CEapXH  cawo- 
nuLuyiuMMH  npn6opaMH. 

B  o6uJ,eH  C/I05KHOCTH  cBapeHo  Goaee  50000  HsqenHti 
B  aBTOMaTHMeCKOM  peXHMe,  AHa/lH3  CBapHhiX  LUBOD 
KOHTpo/ibHbix  oGpasLioB  noxaaa.n,  hto  reoweipHHecxMe 
paSMepb)  30Hbl  CBapKH  CTaGHAbHbl  H  H6  BblXOqflT  33 
npeqejibi  aaqaHHbix  qonycxoB. 

BbinonuGHHaa  paGora  noxasaaa,  hto  s/ieicrpoHHbie 
nyiHKH  c  n/iaaMBHHbiM  smhttgpom  OT/iMHacTca  HaGo- 
poM  napaMeTpoB,  nosBOJTOKDiunM  ycneujHO  npwMeHBTb 
HX  ABB  MMoroxpaTHbix  npopecooB  CBapxH  b  ycaoBHBX 
MacooDoro  noTOHHoro  npoMSBoqcTBa  pasAHMHbix  m3- 
qejiMH. 

nyUJKA  C  nJlASMEHHblM  KATOAOW!  SBBK- 
TPOHHO-AVHEBOM  CBAPKM.  H.  P.  PeMne,  M.  B. 
OcirinoB,  O.  E.  TpouH  (Vh-t  cuicreM  ynpaB/ienm  t/t  pa- 
flHoa/iefCTpoHUKH,  r.  Tomck,  P0).  SiiexrpoHHbie  nyiuxn 
c  njiaaMeHHbiM  KaToqoM  yxe  Gojies  qBaquaTH  jigt  npM- 
MeHHtOTCB  B  paSBHHHblX  TeXHOTIOTHFlX  3/ieKTpOHHO-Tiy- 
HGBOM  CBapxH.  HcToHHHKOMojiexrpoHOBBHHX,  xaxnpa- 
BH/10,  cqyxcHT  n;ia3Ma  rasoBoro  paapaqa.  Ms  MHoro- 
HMOBGHHbix  <})opM  paspBAOB  HaMH  BbiGpaH  oTpaxo- 
TG/ibUbiM  c  noBbiM  xaToqoM.  K  HacToau^ewy  BpewieHU 
MsyHeHbi  ocHOBHbie  3axoHowep[^ocTH  reuBpanHH  naas- 
Mbi  H  (fjopMHpoBaHHa  JiyHa  b  aaexrponHbix  nyuuKax  na 
0CH0B6  oTpaxaTGAbHoro  paapaqa  c  noaww  xaToqoM, 
HaxonaeH  GoAbuioCi  onuT  hx  npoMbiiiiaeHHoti  sxcriay-  | 
aTapMH  B  cocTase  sHeproxoMnaexcoB  pasAHHHoro  tm-  i 
na,  3aexTpoHHbie  nyiUKH  sToro  Tuna  ycneuino  paGoTa-  | 
(OT  B  cocTase  noTOMHbix  cBapoHHbix  BMHHM,  Mcnoabsy-  ; 
(OTCB  qan  HaHeceHna  ynpoHnsioainx  noxpwTHii  h  b  qpy-  | 
mx  ay'iGEibix  TexHoaorHnx.  j 

noayHeHHbie  sHaHHB  no3BoaHan  cosqaTb  npooTy(o  h  ! 
HaAe>XHyx)  xoncxpyxnHio  nyiiixw  M0Li4H0CTb(o  qo  5  kBt. 

B  ee  KOHCTpyxpMH  HcnoabsonaHW  MGTaaaoxepaMHHec-  j 
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The  gun  was  upgraded  so  that  It  could  be  combined 
with  the  EI^50/5T  equipment  developed  for  the  ther¬ 
mionic  cathode  gun.  The  discharge  power  unit  is  used 
instead  of  the  incandescence  and  bias  units.  The  wel¬ 
ding  cycle  programmer  intended  for  automatic  start  up 
of  the  gun  from  an  external  signal,  change  in  the  beam 
current  following  the  preset  law  and  control  of  the  beam 
focusing  and  development  modes  was  additionally  de¬ 
veloped  and  interfaced  with  the  equipment. 

The  welding  cycle  is  broken  into  five  successively  per¬ 
formed  stages:  input  of  fhe  beam  current  (fo“^i)i  Pre- 
heating  of  a  workpiece  input  of  the  current  to  an 

amplitude  preset  by  the  welding  conditions  (f2-^3)i  wel¬ 
ding  (f3-f4)  and  output  of  the  current  (14-^5).  Time  of 
each  of  the  stages  can  be  regulated  from  0.1  to  10  s 
with  a  step  of  0.1  s,  The  current  amplitude  in  the  pre¬ 
heating  and  welding  stages  is  regulated  from  0  to 
100  mA  with  a  step  of  1  mA.  Upon  completion  of  the 
welding  cycle  the  manipulator  is  turned  by  a  command 
and  then  the  next  workpiece  Is  welded. 

The  works  were  done  using  the  electron  beam  unit  for 
welding  In-line  products  of  the  Novosibirsk  Plant  for 
Chemical  Concentrates.  The  unit  provided  continuous 
sluice  loading  of  workpieces  and  complete  control  of 
the  welding  cycles  using  recording  devices. 

The  total  number  of  pieces  welded  in  the  automatic 
mode  is  50,000.  Analysis  of  the  welds  in  control  samples 
showed  consistency  of  the  geometrical  sizes  of  the  wel¬ 
ding  zone,  not  in  excess  of  the  preset  tolerances. 

The  work  performed  shows  that  the  electron  guns  with 
a  plasma  emitter  are  characterized  by  such  a  set  of 
parameters  which  allow  their  multiple  utilization  for  wel¬ 
ding  under  conditions  of  mass  in-line  production  of  di¬ 
verse  items. 


GUN  WITH  PLASMA  CATHODE  FOR  ELECTRON 
BEAM  WELDING.  N.G. Rempe,  I.  V.Osipov,  O.E.  Troyan 
(University  for  Control  Systems  and  Radio  Electronics, 
Tomsk,  Russia).  Electron  guns  with  plasma  cathodes 
have  been  used  for  over  20  years  In  different  technolo¬ 
gies  of  electron  beam  welding.  The  electron  source  in 
them  is  as  a  rule  the  plasma  of  the  gas  discharge.  Out 
of  many  diverse  forms  of  discharge  we  chose  the  ref¬ 
lective  one  with  a  hollow  cathode.  Basic  principles  of 
generation  of  the  plasma  and  formation  of  the  beam  in 
the  electron  guns  based  on  the  reflective  discharge  with 
a  hollow  cathode  have  been  investigated  and  a  large 
experience  of  their  commercial  application  as  part  of 
different  types  of  power  complexes  has  been  accumu¬ 
lated.  Electron  guns  of  this  type  are  sucoes.sfully  used 
in  the  in-line  welding  production  systems,  for  deposition 
of  hardening  coatings  and  in  other  technologies. 

The  knowledge  obtained  allowed  a  simple  and  reliable 
design  of  the  gun  with  a  capacity  of  up  to  5  kW  to  be 
developed.  The  gun  comprises  metal-ceramic  units 
whose  vacuum  tightness  and  mechanical  strength  are 
provided  by  electron  beam  welding. 
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Kneya/ibi,  repMernHHocTb  m  MexaniiMecKasq  npoMHocTb 
KOTopbix  odecneHUDatoTcq  6naroflapn  ncno/ibaoeaHHto 
3/ieKTpOHHO-/iyMeBOM  CBapKM, 

OcHOBy  nyiuKM  oocraBJifleT  Hepa36opHbiPi  weTaji/ioKe- 
paMM’iecKHi^  yaea,  cocTonujiMCi  H3  BbicoKOBOJibTHoro 
KepaMMMecKoro  H30jiBTopa  n  paapsiflHoti  xaMcpbi.  Paa- 
pqfluaia  Kawepa  coctomt  usTpexa/ieKTpuHecKM  m3o;ih- 
poBaHHbix  MeTa/iaoKepaMMseoKHMH  HaojiaTopawM 
sjiexTpoAOB:  anofla,  noaoro  m  SMUirepHoro  KajofloD. 
Karofl  paapBAHOM  Kawepbi  m  warHHT  BbinoaneHbi  cbew- 
HbiMH  nnr\  o6aer4eMMB  mmctkm  paapBAHofi  xaMepbi  noc- 
/le  A/inTeabHoti  aKcn/iyaTanMM  nyiuKu.  SMUTrepHbifi  xa- 
TOA  coAepxMT  KaHaa  ahb  BbixoAa  sagktpohob  na  paa- 
P^Ahom  xaMepbi  b  ycKopBioiii,MM  npoMe>KyTOK, 
PaapBAnaa  xatviepa  c  sbicoKODOAbTHbiM  naoABTopoM 
ycTaHaBAi/isaeTCB  b  Kopnyce  nyuJKH.  B  orpaHMBeHHbiw 
KOpnyCOM  M  BblCOKOBOAbTHblM  MSOABTOpOM  odteM  3a- 
AMBaeTCB  TpaHCltiopMaTopHOG  Macao, 
flna  o6ecneHeHHB  HeoGxoAUMbix  pa6oMMXxapaKTepMc™K 
paapBAa  Tpe6yeTCH  no/4qep>«MBaTb  b  paapBAHoCi  xaMepe 
AasAGHne  rasa  (xax  npaBnao,  BoaAyxa)  okobo  1  Ha.  B 

CBB3M  a  3THM  B  HCTOBHMKe  MMeOTCB  CMCTeMa  AOSMpOBaH- 

Horo  nanycxa  rasa.  PaSoBiifi  ras  nepea  HaTexaieBb,  pe- 
ryAMpyiouj,MM  Hanycx,  nocTynaer  b  paapaAHyio  Kawepy  no 
AM3A6KTpMHecK0M  Tpy6Ke  Hepea  xanaji  b  robom  xaToae 
SjiexrpoHHaB  nyujxa  nMeer  cneAyiotAMe  napaMOTpbi: 
pe>KHM  pa6oTbi  —  nenpepbiBHbiw,  HMnyabCHbifi;  Tox/iy- 
wa  — AO  0.1  A;  ycKopBtoiAee  HanpBXGHne  — ao  50  kB; 
AMaMGTp  ccpoKycMpoBanHoro /lyBa  — 0,4. ,.0,6  mm;  tok 
paapBAa  —  ao  0,3  A;  HanpB)KeHMe  ropeHMB  paapBAa 
--  AO  400  B;  HanycK  raaa  b  paapBAnyto  xaMepy  — 
30...  200  CM^-aTM/M. 

SMMOcHOHHaB  CMCTGMa  nyiUKH  o6ecneHHBaeT  Bbicoxyra 
cTaeuBbHOCTb  a/iexrpoHHo-onTMMGCKMx  napaMGTpoB 
AyBa.  Tax,  HanpnMep,  naMeHenne  noAO,x<eHMB  tf^oxa/ib- 
HoPi  nnocxocTM  ayaa  bo  bcgm  pnanaaone  pGr>'BBpoBa- 
HHB  Toxa  /lyna  nan  Hanycxa  raaa  He  npeBbiiuaeT  hgc- 

KOAbKMX  MHBBBMGTpOB. 

OTcyrcTBHG  HaxaneHHhix  Aera/ieM  b  nymxe  o6eoneMM- 
BaeT  ee  naAGXCHyxD  paSory  b  yc/ioBMBX  TexHonorMMec- 
Koro  BaxyyMa  (oxoao  5-10  Topp)  6e3  Aono/iHMTeBbHoPi 
OTxa'iKM  M  cneuMaBbHbix  MGp  aamuTb!  xaTOAa.  Oco6eH- 
Ho  scfxtiGXTHBHO  npMMeHGHMe  nymxH  A-^b  cBapxM  nan 
o6pa6oTXM  iierxoHcnapBKJiAMXcB,  xhmmhgcxh  axTHB- 
Hbix  MarepHanoB. 

HOBbiE  B03M0>KH0CTM  TEXHOilOrUM  CBAPKM 
POTOPOB  TASOBblX  TYPEMH  M3  HMKETIEBblX 
CnJlABOB.  Lf.  Jl.  PonencKMH  (KoHcrpyK.  6)opo  noMBH- 
rarenecTpoeHi^K),  r.  XaphKOB,  VKpai^Ha),  H.  M.  Plun^yK 
(1/Ih-t  oneKTpocBapKU!  mm.  E.  O.  PaTona,  r.Knea,  XKpa- 
ma).  B  ABuraTe/iBX  c  raaosbiMM  Typ6nHaMM  npHMGHB- 
lOT  pOTOpbl  C  MGXaHMHGCXMM  Kpen/IGHMeM  X  Al'loxy  /lO- 

naroK  «3aMXOBbiM»  coeAHHeHMGM.  OAHaxo  6oBGe 

npOCTbIM  M  SXOHOMHBHbIM  CROCofioM  XpeR/IGHHB  BBBB- 
GTCB  cBapxa.  SHaHMTejibHbiCi  axoHOMMBecxMii  3(})ct)exT 
Aaei  MCXJIIOBeMMG  BbICOXOTOBHOpi  MexaHMHGCXOM  o6pa- 
6otxm  mgct  xpenAGHUB,  a  yMeMbUjeniie  xoBH'iecTBa 
«HaAPG30Bi'  npii  ycTpaneHHM  «3aMK0B»  rpmboamt  k  no- 
BblOlGHHtO  yCTaaoCTHOM  npOMHOCTM  COeAHHGHHB  M,  CO- 
OTBGTCTBeHHO,  K  BOapaCTaHMK)  HaAGJKHOCTH  CBapHOfO 
poTopa.  KpoMGToro,  yjiyMmeuHto  napaMexpoB  Typ6HHbi 
cnoco6cTByeT  BbicoxaH  TOBi-iocTb  reoMeTpMBecKHX  paa- 
MepOB  CBapHbIX  pOTOpOB. 

MHOme  BblCOKO)KaponpOHHbie  HHXe/ieBhie  CRAaBbl,  M3 
xoTopbix  BhinoRHBioTCJi  ra30Typ6MHHbie  jionaTXM,  hg 


The  gun  is  based  on  a  non-cJisrriantable  unit  which  con¬ 
sists  of  a  high-voltage  ceramic  insulator  and  discharge 
chamber.  The  discharge  chamber  consists  of  three 
electrically  insulated  metal-ceramic  electrodes:  anode, 
hollow  cathode  and  cathode  emitter.  The  cathode  in  the 
discharge  chamber  and  magnet  are  made  removable 
to  facilitate  cleaning  of  the  discharge  chamber  after 
long-time  operation  of  the  gun.  The  cathode  emitter 
comprises  a  channel  for  exit  of  electrons  from  the  dis¬ 
charge  chamber  into  an  acceleration  gap. 

Tlie  discharge  chamber  with  a  high-voltage  insulator  is 
installed  in  the  gun  casing.  The  space  contained  be- 
tv/een  the  casing  and  the  high-voltage  insulator  is  tilled 
with  transformer  oil. 

To  ensure  the  required  service  characteri.stics  of  the 
discharge,  it  is  necessary  to  maintain  gas  (most  often 
it  is  air)  pressure  of  about  1  Pa  in  the  discharge  chamber. 
For  this  the  source  is  equipped  with  a  system  of  the 
portioned  gas  feed.  Working  gas  through  a  leak-in  de¬ 
vice  regulating  its  feed  enters  into  the  discharge  cham- 
bervia  a  dielectric  tube  through  the  channel  in  the  hollow 
cathode. 

The  electron  gun  has  the  following  parameters:  working 
conditions  —  continuous  or  pulsed,  beam  current  —  up 
to  0.1  A,  accelerating  voltage  —  up  to  50  kV,  diameter 
of  the  focused  beam  -0.4-0. 6  mm,  discharge  current 
—  up  to  0.3  A,  discharge  burning  voltage  — up  to  400  V, 
leak-in  of  gas  into  the  discharge  chamber  —  30- 

3  ^ 

200  cm  -atm/h. 

The  emission  system  of  the  gun  provides  a  high  stability 
of  the  electron-optic  parameters  of  the  beam.  For  ex¬ 
ample,  variation  in  the  position  of  the  focal  plane  of  the 
beam  over  the  entire  range  of  regulation  of  the  beam 
current  or  gas  leak-in  is  no  more  than  a  tew  millimeters. 
The  absence  of  hot  parts  in  the  gun  provides  its  reliable 
operation  under  conditions  of  the  process  vacuum 
(about  5-10^  Torr)  without  additional  evacuation  and 
special  means  for  protection  of  the  cathode.  The  use 
of  the  gun  is  especially  efficient  for  welding  or  treatment 
of  volatile  and  reactive  materials. 


NEW  CAPABILITIES  OFTHE  TECHNOLOGY  OF  WEL¬ 
DING  GAS  TURBINE  ROTORS  MADE  FROM  NICKEL 
ALLOYS.  I.L.Rovensky  (Design  Bureau  for  Engine  Con¬ 
struction,  Kharkiv,  Ukraine),  N.I.Pinchuk  (E.O.Paton 
Electric  Welding  Institute,  Kyiv,  Ukraine).  Gas  turbine 
engines  comprise  rotors  in  which  blades  are  fixed  to 
disks  by  mechanical  "lock”  type  joining.  However,  wel¬ 
ding  is  a  simpler  and  more  cost  effective  method  for 
such  fixation.  Avoiding  high-accuracy  machining  of  the 
fixation  locations  provides  considerable  saving,  and  re¬ 
duction  of  the  number  of  undercuts  in  removal  of  locks 
leads  to  increase  in  fatigue  strength  of  the  joints  and, 
therefore,  to  improvement  in  reliability  of  the  welded 
rotor.  In  addition,  high  accuracy  of  geometrical  dimen¬ 
sions  of  the  welded  rotors  provides  a  decrease  in  pa¬ 
rameters  of  the  turbine. 

Many  heat-resistant  nickel  alloys  from  which  the  gas 
turbine  blades  are  made  are  hard  to  weld.  This  is  es¬ 
pecially  true  for  alloys  with  an  aluminium  content  of  more 
than  3  %.  The  cause  of  cracking  of  alloys  in  welding  is 
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noflflafOTcn  ceapKe,  ocoSeHHo  cnnasbi  c  coflepxanneM 
anioMMHMa  6o;iee  3  %.  Hphhuhom  pacipecKUBaHna 
cniiasoB  npn  caapKe  PBraeica  o6pa30BaHM6  no  rpa- 
HMuaM  KpncraannToB  npoc/ioeK  xMflKoii  ct)a3bi  ecaefl- 
CTBue  cerperau.MM  anKBnpyioinnx  saeMenTOB  (S,  P,  O, 

B,  Ce,  Si).  Dofl  flencTBneM  CBapoaHbix  HanpnxceHMti 
onaaeaeHHbie  rpaHnuiH  pacKpbiBaioTca  c  o6pa30BaHH- 
eM  ropaanx  anKBapwoHHbix  rpemuH. 

Cpe.qn  MccaeqoBaHHbix  HiixeaeBbix  aonaroMMbix  cnaa- 
BOB  c  coAepxaHMeM  6oaee  3  %  A!  He  6biaM  cSHapyxe- 
Hbi  cnaaBW,  yflOBaeTBopaioiuMe  qaxe  caMbiM  laaqa- 
U4HM  pexxHMaM  CBapKM,  npH  TepMO-  H  MeTaaaorpa(t)H- 
HecKOM  anaaiiaax  cnaaea  XC6-y  (6  %  Al)  BQmzv.  tbm- 
nepaiypbi  coanAyca  Ha  rpaHHpax  KpucTaaaMTOB 
oTMeneHo  o6pa30BaHne  npocaoex  xhakoh  clsaabi,  ko- 
TOpOH  MOXeT  6blTb  SBTeKTMKa  y  +  y'ngp. 

B  ocHony  padoT  no  coBAanmo  hoboh  TexHoaorwH  H3- 
roTOBaeHHB  poTopoB  Aan  rasoBbix  Typ6nH  ABurareaew 
HaseMHbix  ipaHcnopTHbix  cpeACTB  dbiaa  noaoxena 
paapadoTKa  aonaroaHoro  cnaaea  c  yaymueHHoii  CBa- 
pMBaeMocTbio.  OnpodoeaH  BapHaHTAny4)a3Horo  HHxe- 
aeBoro  xaponpoMHoro  aonaroanoro  cnaaBa.  B  Kaaec- 
TBe  BTopoti  nepBHHHOH  cpasbi  ftnn  HHxeaeBbix  Bbicoxo- 
xaponpoMHbix  cnaaBOB  c  MaxpHLieCi  y-TBepAbifi  pacT- 
Bop  AernpytoLMHX  sAewieHTOB  b  HHxeqe  dbi.na  Bbidpana 
sBTeKTHKa  Y  +  i KoMnosMAMB  cn/iasa  Tuna  Ni-6Cr- 
6AI-6Nb  odecneHMAa  odpaaoeaHHe  b  weTaqae  okoao- 
UJOBHOH  aOHbl  xopoaio  CCpOpMMpOBaHHOH  AByXCt)a3H0M  i 
CTpyicrypbi.  flonoAHMTeAbHO  aaa  ynpoHneHHfi  b  cnaaB  i 
dbiAH  BBeAeHbi  W,  Mo  m  MHKpOAodasKM  (B,  Ce,  2r,  Y) 

B  odbiHHOM  aJIB  cnAaBOB  0Toro  Ti/ina  xoAMMecTBe.  Tmtoh 
H  KodaAbT  He  bboahah. 

MccAeAOBaHwa  noxasaAH,  hto  aab  ynpoMneHMA  HHKeae- 
Boro  TsepAoro  pacTBopa  cnaaBa  Ni-6Cr-6AI  AernpoBa- 
HHe  HModHeM  (ao  8  %)  doAee  3{t)0eicTHBHO,  new  thtb- 
HOM.  Hho6hh  bxoaht  b  cocraB  Bcex  ocHOBHbix  ynpo'iHA- 
lOLAHx  4>a3  (raepAoro  pacTBopa  — y,  HHTepMeraAAHAHOM 
tjjaabi  — /nepB.  AMcnepcHoii  ynpoAHaroiAefi  (fasbi  —  ■/  w  i 
KapdHAHbixcpaa).  YMeHbiijaA  pacTBopnMocTba;»oMViHHA, 
HModMH  cnocodcTsyeT  noBbiujeHMio  xoAMHecTBa  amc- 
nepcHOM  ynpoMHAiou.ieH  y'-ct)a3bi  [Nig  (Al,  Nb,  Mo,  W)], 
noBbiujaeT  ee  TepMOAMHaMHAGCxyio  ycToPiHHBOCTb,  a 
Taxxe  padonyw  xeivinepaTypy  cnAaaa.  CoAepxaHHG 
AMcnepcHOM  ynpoAHAtOLAen  MHTepweTaAAHAHOH  y'-  ({ia- 
3bi  B  cnaaBe  yKaaaHHoro  Tuna  cocTaBAAej  60... 65  %, 
HoBbiii  AonaxoMHbiH  cnaas  /IX-1M  no  yposHic  wexaHH- 
MecKHX  xapaKxepMcxMK  danaoK  k  ApyrHM  cnAaeaM  c  6  % 

Al  (HanpHwep,  k  cnaaBy  XC6-y ),  ho  npeeocxoAMX  hx  no . 
nAaCXHHeCKHM  CBOHCXBaM  H  ycxanOCXHOM  npOHHOCXH. 
noAyneHHbm  cnocodoM  BaKyyMHO-MHAyxUHOHHoCi  Bbin- 
AaBKM  cnaaB  Mweex  paBHOocuyio  cTpyicrypy  KpMcxaAAn- 
xoB  y-XBepAoro  pacxBopa  c  oxABAbUbiMH  KOHrAOMepa- 
xawH  sBxexxHKH  (r  +  y'nepB)  ®  KOAHHecxee  4.. .8  % 
odteMa.  B  cxpyxxypeMexaAAa  okoaoluobhoh  30Hbi  npM 
aproHO-AyroBoti  cBapxe  (4j,=  60...110A)  3BxeianMec- 
xaq  0a3a  Hweex  bha  cexKM  mgakhx  KOHrAowepaxoa  b 
3HaHMXeAbHo  doAbUJeM  odXieMe  (qo  12. ..20  %),  b  xo 
BpeMA  xaK  ee  coqepxaHHe  b  cnaase  XC6-y  He  npe- 
BbiLuaex  1...3  %.  OAHoBpeMeHHo  c  yeeAMMeHHeM  co- 
AepxaHMA  BXopoM  (pasbi  cnaaB  /IX-1M  no  cpaBHeHMio 
CO  cnaaBOM  XC6-y  Hweex  doAee  ysxMH  HHxepaaA  TUX, 
JlHXbe  AonaxoK  H3  cnAaea  /1X-1  H  BM  (saroxoBKH  HMK) 
c  1996  r.  BbinoAHBGX  aaeoA  «Moxop-CMM»  (r.  3ano- 
poxbe).  no  paapadoxaHHoii  homh  coBMecxHO  c  M3C 
xexHOAOXMH  waroxoBAeUHA  cBapHbix  poxopoe  ahxbig 


the  formation  of  interlayers  of  a  liquid  phase  along  the 
crystalline  grain  boundaries,  which  are  caused  by  seg¬ 
regation  of  the  liquation  elements  (S,  P,  O,  B,  Ce,  Si). 
Under  the  effect  of  welding  stresses  the  melted  boun¬ 
daries  are  displaced  to  form  hot  segregation  cracks. 
Among  investigated  nickel  alloys  with  an  aluminium  con¬ 
tent  of  more  than  3  %  we  found  no  alloys  which  met 
even  the  most  moderate  welding  conditions.  Thermal 
analysis  and  metallography  of  the  ZhS6-Y  alloy  (6  %  Al) 
revealed  formation  of  the  liquid  phase  interlayers,  which 
could  be  the  y  -h  y'p  eutectic,  at  the  crystalline  grain  bo¬ 
undaries  at  a  temperature  close  to  the  solidus  point. 
The  work  on  development  of  a  new  technology  for  the 
manufacture  of  rotors  for  gas  turbine  engines  of  ground 
vehicles  was  based  on  development  of  a  blade  alloy  with 
improved  weldability.  The  variant  of  a  two-phase  heat- 
resistant  blade  nickel  alloy  was  tried  out.  They -t- y'p 
eutectic  was  selected  as  the  second  primary  phase  for 
heat-resistant  nickel  alloys  with  a  matrix  of  y-solid  solu¬ 
tion  of  alloying  elements  in  nickel.  Alloy  with  a  compo¬ 
sition  of  the  Ni-6Cr-6AI-6Ni  type  provided  a  well-formed 
two-phase  structure  in  the  HAZ  metal.  W  and  Mo,  as 
well  as  minor  additions  (B,  Ce,  Zr,  Y),  in  the  amount 
usual  for  this  type  of  alloys  were  added  to  this  alloy  for 
reinforcement. 

Investigations  show  that  alloying  with  niobium  (to  8  %)  is 
more  efficient  than  titanium  to  harden  nickel  solid  solution 
of  alloys  Ni-6Cr-6AI.  Niobium  is  contained  in  the  compo¬ 
sition  of  all  basic  hardening  phases  (solid  solution  —  y, 
intermetallic  phase — y'p,  dispersion-strengthening  phase 
— i  and  carbide  phases).  By  decreasing  solubility  of  alu¬ 
minium,  niobium  promotes  improvement  of  quality  of  the 
dispersion-strengthening  y  phase  [Ni3  (Al,  Nb,  Mo,  W)] 
and  increases  its  thermodynamic  stability  and  working 
temperature  of  the  alloy.  The  content  of  dispersion¬ 
strengthening  intermetallic  y'-phase  in  this  type  of  the 
alloy  is  60-65  %.  The  new  blade  alloy  LZh-11  is  close  to 
other  alloys  with  6  %  Al  (e.g.  ZhS6-U)  in  the  level  of 
mechanical  properties,  but  is  superior  to  them  in  ductile 
properties  and  fatigue  strength. 

The  alloy  produced  by  vacuum-induction  melting  has 
an  equiaxed  structure  of  crystalline  grains  of  y— solid 
solution  with  individual  conglomerates  of  eutectic  y  +  y'p 
in  the  amount  of  4-8  vol.  %.  In  the  HAZ  metal  structure 
produced  by  argon-arc  welding  (at  a  welding  current  of 
60-110  A)  the  eutectic  phase  has  the  form  of  a  mesh 
of  fine  conglomerates  in  a  sufficiently  large  volume  (up 
to  12-20  %),  whereas  its  content  of  the  ZhS6-U  alloy  is 
not  in  excess  of  1-3  %.  Along  with  an  increase  in  the 
content  of  the  second  phase,  the  LZh-11  alloy  has  a 
smaller  brittle  temperature  range  than  the  ZhS6-U  alloy. 
Casting  of  blades  of  the  LZh-11  VI  alloy  (ChMK  billets) 
is  done  by  the  "Motor-Sich"  Factory  (Zaporizhya).  The 
technology  developed  in  collaboration  with  the 
E.O. Baton  Electric  Welding  Institute  forthe  manufacture 
of  welded  rotors  is  used  for  welding  cast  blades  of  the 
LZh-11  alloy  to  a  wrought  disk  of  the  El  698  VD  alloy  by 
the  mechanized  argon-arc  welding  method.  Distribution 
of  aluminium  in  a  welded  joint  of  the  rotor  in  a  region  of 
the  blade-weld  transition  exhibits  a  smooth  variation  (in 
the  fusion  line  in  the  blade  —  6.5  %,  in  the  weld  near 
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/lanaTKU  M3  cn/taca  /1X-1H  opMsapuBafOT  k  KoeaHOMy 
flMCKy  M3  cnnaEia  3H  698  Bfl  cnoco6oM  aproHO-flyro- 
BOM  MexauMsupoBaHHOM  csapKM.  PaonpeAeaGHne  anio- 
MMHMii  B  cBapHOM  coGflMHeHMM  poTopa  Ha  ywacTKe  ne- 
pexofla  jionaTKa-ujoB  noKasbiBaer  ero  n/iaBHoe  m3MG- 
HSHMe  (Ha  AMHMM  cnBaBBSHHfi  y /lonaTKM  6,5  %;  ujob  y 
/IMHMM  cnaaBBenHB  5.. .4  %;  aioe  3,0. ..2, 5  %).  Coflep- 
xaHwe  flpyrMX  jierMpyioiMMX  a/iewieHTOB  b  MeiaBAe  ujea 
c/ieflyioLnee:  Monvi6f\eH  8, 5.. .11,8  %;  Bo/ibtfipaM 

4,0... 6,5  %;  xpoM  14,5...  18,6  %.  noKa.3aTe/iM  McxanM- 
MecKMX  CBOMCTB  cBapHOfo  coeflMHeHHB  poTopa  npax- 
TMHecKM  paBHbi  TaxoEWM  MaTcpMaJia  .aMcxa  (  cn^aB  314 
698  BM).  Dpeflea  fljiMTeabHOM  npoMHocTM  CBapHoroco- 
BflMHeHMB  3a  1 00  H  npM  750  'C  cocTaBnneT  360  Mfla. 
TexHOBorMB  MaroTOB/iRHMB  cnap(ii)ix  poTopoB  M3  yxa- 
aaHHbix  Bbiiiie  cmiaBOB  ycneuJHo  BHeflpena  b  npoMs- 
BOflCTBO  Ha  SaBOfle  Mwi.  Ma/ibiLueBa  b  r.  Xapbxose. 

nPMMEHEHME  3JIEKTPOUl/lAKOBblX  nPOHEC- 
COB  P^9l  M3rOTOBJ1EHM?l  UlTAMnOB  XO/lOA' 
HOM  BbICAAKM.  A.  PI.  Po>kkob,  A.  A.  Pa/x^eHKO  (Ha- 
yH.-mcfiofl.  M  KOHCTpyK.-TBXHonor.  m-T  coapKH  n  sa- 
IUMT.  noKphnm  c  onhir.  np-BOM,  r.  Miihck,  PBcny6niiKa 
Eenapycb).  MiioTpyMeHTaBbHo-iiJTaMnoBbie  nponsBOfl- 
CTBa  MaiijMHOcTpoMTenbHbix  npeflnpMRTHM  BenapycM  b 
nocaenHMe  ropbi  McnbiTbinatoT  ocipyio  HexsarKy  Bbico- 
KOKaHecTBGHHbix  MaTepwaBOB  fl/iB  MaroTOBneiiMB 
LLiTaMnoBoro  MUCTpywenTa  M  ocHacTKM.  OflHMM  M3  ny- 
Teti  peiueHMB  npo6jieMbi  BBaaeTCB  MsroTOBBeuMe  3a- 
roTOBOK  ujTaMnoB  onocoOoM  3jieKTpoiJ.maKOBoro  ne- 
peniiasa  (3LlJn)  neASBOBbix  otxoaob  npoMSBOACTBa  m 

KOHBepCMOHHoro  JIOMa  HMKeAbCOAep>KaiAMX  KQHCTpyK- 
AMOHHblX  CTaAGM. 

3AeKTpou.maKOBbie  saroTOBKM  oiTawinoB  MaroTosaanM  na 
yaacTKe  3LLin  no<'BeAA3»  naasKoil  b  mgahom  boaoox- 
Aa>KAaeMOM  KpMOTaaaMaaTope  AMaMerpoM  110  mm  no 
AByM  BapManTaM  TexHonorMM:  nyrsM  nepenBasa  aoMa 
KOHBepCMOMHOM  CTaAM  MapKM  38XH3MCt>A  6p.3  MSMBHe- 
HMBXMMMHecKoro  cocTasa,  araiOKecoBMecTHOM  nnasKOM 
CKpana  Mapox  38XH3Mct)A  m  VI 0  s  jaxoM  cooTHomeHMM, 
MTo6bi  o6ecne'iMTb  ypoaenb  ypAepoAa  0,5.. .0,6  %  a^« 
noAyHeuMfi  anaaora  cTanM  pacnpocTpaHenHoil  MapxM 
5XHM  (yc/iOHHOG  o6o3HaHGHMe  SXHSMctiA). 

CxopocTfa  HanaaDKM  Bbi6MpaaM  no  cnGHMaabHo  paapa- 
fiOTaHHOM  MGTOAMKG  paCMGTa  M3  yCBOBMB  nOABBAGHMa 
AMKBaUMOHHhIX  BBAGHMM  M  oSecneHGHMB  BbICOKOM  AMG- 

tiGpcHocTM  cTpytcrypbi  MeraBaa  na  bcgm  cghghmm  aa- 
rOTOBKM. 

riocAG  TpaAMMMOHHOM  A^R  A^HHoro  CAyHaB  MHorocry- 
neHMaXOM  TepMOo6pa6oTKM  MeXaHMHGCXMG  CBOMCXBa 
AMToro  MGxaAAa  aaroTOBOK  ms  cxaAM  38XH3MOA  co- 
OTBGTCTByiOT  ypOBHtO  CBOMCTB  npOKaxa  TOM  xe  MapKM, 
a  M3  cxaAM  5XH3Mct>A  —  ypoBHHD  cBoficxB  ookobok  m3 
PxaAM  MapKM  5XHM. 

Aar  nOBblULIGHMRXBepAOCXM  M  M3HOCOCXOtiKOCXM  MHCXpy- 
MGHXa  padOHMG  nOBGpXHOCXM  HaMCOAGG  HarpyXGHHblX 
ujxaMnoB  ynpoHHsiAM  AGMeuxapMetl  m  asoxMposaHMGM  c 
nocAGAyioiMeM  OKOHHaxeAbHoM  TepMoo6pa6oxKOM  no 
cnepMaAbHo  paapaOoxauHNM  pexMMaM.  TBopAooxb  yn- 
pOMHGHHblXXMMMKO-XGpMMMGCKOM  o6pa60XKOM  paOoHMX 
nOBGpXHOOXGM  lUXaMHOB  COOXBGXCXByGX  XpoGoBaHMBM 
KOHCXpyKXOpCKOM  AOKyMGHXaUMM  Ha  UJXaMnW  AAB  xo- 
AOAHOM  BbloaAKM  AMCXa  XOALAMHOM  1...4MM.  TOAlUMHa 
ynpoHHGHHoro  caor  BnoAHe  AocxaxoHHa  aar  hgoahok- 
paxHoil  nepexoHKM  MHcxpyMGHxa.  CepAPeBMHa  luxaMna 
nocAGxepMoo6pa6oxKM  coxpaHReTBbicoKyioBRSKocxb, 


thG  fusion  line  —  5-4  %,  in  thG  weld  —  3. 0-2. 5  %).  The 
content  of  other  elements  in  the  weld  metal  is  as  follows: 
molybdenum  —  8.5-11.8  %,  tungsten  —  4. 0-6. 5  %, 
chromium  —14.5-18.6%.  Mechanical  properties  of  the 
welded  joint  in  the  rotor  are  almost  equal  to  those  of 
the  disk  material  (El  698  VI  alloy).  The  long-time  strength 
level  of  the  welded  joints  on  the  base  of  100  h  at  750  'C 
is  360  MPa. 

The  technology  for  making  welded  rotors  from  the  above 
alloys  has  been  successfully  applied  at  the  Malyshev 
Plant  in  Kharkiv. 


APPLICATION  OF  ELECTROSLAG  TECHNOLOGIES 
FOR  MANUFACTURE  OF  COLD  UPSETTING  DIES. 

A.I. Rozhkov,  A.A.Radchenko  (Research  and  Develop¬ 
ment  Institute  for  Welding  and  Protective  Coatings  with 
Pilot  Production,  Minsk,  Belarus).  Die-tool  production 
plants  of  machine-building  enterprises  of  Belarus  have 
currently  a  dramatic  shortage  of  high-quality  materials 
for  the  manufacture  of  dies  and  tools,  One  of  the  ways 
of  solving  this  problem  is  to  make  billets  of  dies  by  eleo- 
troslag  remelting  of  off-standard  production  wastes  and 
conversion  scrap  of  nickel-containing  structural  steels. 
Electroslag  billets  of  the  dies  were  made  at  the  ESR 
workshop  of  PO  "BelAZ”  by  melting  in  a  copper  water- 
cooled  mould  110  mm  in  diameter  using  two  versions 
of  the  technology:  by  remeiting  scrap  of  conversion  steel 
38KhN3MFA  without  changing  its  chemical  composition 
and  by  combined  melting  of  scrap  of  the  38KhN3MFA 
and  U10  grades  in  such  a  ratio  that  the  level  of  carbon 
equal  to  0.5-0. 6  %  is  ensured  to  produce  an  analogue 
of  steel  of  the  widely  applied  5KhNM  grade  (conditional 
designation  —  5KhN3MFA). 

The  melting  rate  was  selected  by  a  specially  developed 
calculation  procedure  on  the  basis  of  suppression  of 
segregation  phenomena  and  ensuring  a  high  degree  of 
dispersion  of  the  metal  structure  across  the  entire  sec¬ 
tion  of  the  billet. 

After  multi-stage  heat  treatment,  which  is  traditional  for 
this  case,  mechanical  properties  of  the  cast  metal  of 
billets  of  steel  38KhN3MFA  correspond  to  the  level  of 
properties  of  rolled  products  of  the  same  steel  grade, 
while  those  of  steel  5KhN3MFA  correspond  to  the  level 
of  properties  of  forgings  of  steel  SKhNM. 

To  increase  hardness  and  wear  resistance  of  dies,  wor¬ 
king  surfaces  of  Ihe  most  highly  loaded  dies  were  har¬ 
dened  by  carburizing  and  nitriding,  followed  by  finishing 
heal  treatment  under  the  specially  developed  conditi¬ 
ons.  Hardness  of  the  working  surfaces  of  the  dies  after 
thermo-chemical  treatment  meets  requirements  speci¬ 
fied  in  technical  and  design  documents  for  the  dies  for 
cold  upsetting  of  a  sheet  material  1  -4  mm  thick.  Thic¬ 
kness  of  the  hardened  layer  is  sufficient  for  multiple 
resharpenings  of  the  dies.  The  core  of  the  die  after  heat 
treatment  presei-ves  high  toughness,  which  provides  in¬ 
creased  resistance  to  impact  loads. 

Operation  tests  of  dies  made  from  electroslag  billets 
conducted  at  PO  "BelAZ”  showed  an  increase  of  up  to 
5  times  in  life  of  the  dies,  as  compared  with  the  dies 
madefrom  steel  of  the  U8,  U10  and  R6M5  grades,  which 
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HTO  ofiecneHHBaeT  noBbiujenHyK)  croiiKocTb  npH  ynap- 
Hbix  HarpysKax. 

3Kcn/iyaTai4M0HHbie  ncnbSTaHnq  lUTaMnoB  m  aiiexT- 
poipJiaKOFioM  aaroTOBKM,  npoeefleHHbie  Ha  flO  «B8- 
;iA3»,  noxaaajiH  nosbiiueHMe  pecypca  HucTpyweHja  flo 
5  pas  no  cpasHeHMio  co  aiTaMnawn  H3  cianefi  wapxn 
ya,  yiO,  PSMS,  KOTopue  npuMeHaioTcn  Ha  npeanpua- 
THHX  B  ycnoBUBX  flecJiMUMTa  Sojiee  floporocTonmux 
LUTatvinoBbix  craneM.  OrMeMena  noBbiUJenHan  ctoh- 
KocTb  liiraMnoB  npoTOB  BbiKpamnEaHnq  ocrphix  pafio- 
HMX  KpoMOK.  npM  STOM  CeSeCTOMMOCTb  HSrOTOB/ieHHB 
3Beicrpou.inaK0BoP!  aaroTOBKH  no  paccMOTpenHoti  lex- 
HoaoruM  B  1,5. ..2,0  pasa  hi-pke  ctommoctu  noxoBKM 
aHajiorwHHoft  Mapxn  cra/iH. 

Bb!BOP  AflAOTUBHOrO  A.nrOPHTMA  yilPAB/lE- 
HMJl  TEXHOJlOrMHECKMIVI  nPOUECCOW!  3/1C. 

E.  H.  PyAfBHqeB,  B.  O.  TompeB  (0ryn  HTIO  «TexHO- 
Maui»,  r.  MocKBa,  P0).  OcHOBoti  TexHO/iornHecKoro 
npouiecca  pBaqeTCB  a/iropiiTM  kohtpo/ib  h  ynpaBaeHUB 
napaweTpaMH  sjieKTpoHHo-nyHeBOM  CBapxM  (3/iC). 
ynpaanenne  wexaHHHecKHMM  nepewemeHHBMH  csa- 
poMHoro  oOopyfloBaHMB  m/h/ih  CBapnBaeMofi  flera/iH, 
OCHOBHbIMM  napaMBTpaMH  3Hepr0K0MnBGKCa,  Koppe- 
BMponaHHoe  ynpaBneHMe  ToxaMH  CBapxM  m  ct)OKycM- 
poBKH  Ha  ynacTKe  HaHano/oKOHnaHne  caapHoro  uiBa  no 
aapanee  aaflanHon  xcoctkom  nporpawMe  peajiM30Bano 
H  npHMeHBeTCB  B  npOMblUJ/ieHHblX  yc/lOBMBX. 
npo6/iGMbi  ynpaB/iennB  oifleabHUMn  napaMeipaMM 
npopecca  3/IC  HenocpeflcTBBHHo  b  xo.qe  ceapKM  npn 
H0MHHailbH0V1  MOUJ,HOCTM  CBapOMHOPO  jiyHa,  a  TeM 
6onee  ynpaB/ienna  Bcefi  coBOKynnooTbio  ocHosHbix  na- 
pawoTpoB  nponecca,  b  pBfle  caynaeB  He  Hain/in  CBoero 
ripaKTHHecKoro  peineHMB. 

npn6nn3MTbcq  K  pemeHHio  yxaaaHHbix  npo5aeM  mox- 
HO,  ec/iM  npuHBTb,  HTO  npopeoc  3/lC  npeflCTaejifieT 
coSoil  HexoTopyio  cpHSHHecxyK)  cHcreMy  R,  (pyHKbino- 
HMpyioinyio  B  HenpepbiBHOM  mjih  flncxpeTHOM  BpeweHH 
M  BKBioHaiomyK)  B  CBOM  cocTaB  noflcucTeMbi  r,,  r2.-.r„. 
CucTeMa  R  b  KaxcnwCi  momsht  BpoMeHH  Moxcer  Haxo- 

ffMTbCq  B  OflHOM  M3  COCTOBHMil  Ap  A2-.-A^.  KaxcAOMy 
COCTOBHHIO  A^  COOTBeTCTByiOT  CHeTHOe  MHOXCeCTBO 
COCTOHHMM  fl2...B^  KaXflOM  M3  nopcHCTeM  r^.  Coc- 
TOBHMG  A^  aaOMCMT  XaK  OT  ct)MKCMpOBaHHblX  (saflaHHbix 
sapanee)  napawiexpoB  no.ncMCTeM,  Tax  m  ot  peay/ihTaia 
OAHOEpeMSHHOrO  BSaMMOAeMCTBMB  AByX  MEM  HecKonb- 
KMX  noACMCTeM  MexAV  co6oCi.  HanpMwep,  cocTOBHi-ie 
A^,  cooTBeTCTByioiAee  TpeOyewoMy  A^'iaMeTpy  ct)OKaAb- 
Horo  OBTHa  Ha  nosepxHocTM  CBapMsaeMOM  AsraAM,  aa- 
BMCMT  OT  paAManbHbIX  eneHMM  AGTaAM,  Toxa  (t)OKyCM- 
pytOIASM  WamMTHOM  AMH3bl  M  T.  A-  flepexoAbi  M3  B 
M  M3  B  npOMCXOABT  HenpepblBHO,  HO  B 

nepBOM  npM6AMxeHMM  moxho  cAenarb  npeAnoaoxe- 
HMe  o  BpeweHHOM  AUCxpeTHOCTM  TaxMX  nepexoAOB. 
KpoMe  Toro,  icoppeABAMB  napawerpoE  pasAMHUbix 
ynacTKOB  caapHoro  liisa  supaxeMa  AocTaTOHHo  cAaOo. 
3to  nosBO/iqex  CAenaTb  bbiboa  o  HsaaBMCMMoc™  mmb- 
KDinerocq  b  AanubiM  MOMeiiT  cocToquMq  A^  cMCTewbt  R 
OT  npeAbiAyiAero  cocToqHMq,  HHASHTMcpMxauMq  cocto- 
qHMq  OMCTeMbi  (mam  noACMCTewbi)  ocya^ecTBAqGTcq  no 
pesyAbTaxaM  o6pa6oTKM  buxoahhix  CMPHaaoB  aothm- 
KOB.  C  penbio  yeeAMHeHMq  bspobthoctm  npMHqxMq  npa- 
BMAbHOrO  peLUei-IMB  M  nOBblUJeHMq  nOMeXOyCTOMHMBOC- 
TM  AeAecoo6pa3Ho  McnoAbaoBaxb  a^^  KOHxpoAq  oaho- 
ro  napaM8Tpa  HecKOAbKO  AaxHMKOB,  peaAMOoBanHbix 
Ha  paaAMHHbix  (fjMSMHecKMX  npMHUMnax. 


are  usually  used  by  enterprises  because  of  shortage  of 
more  expensive  die  steels.  An  increased  resistance  of 
the  dies  to  spalling  of  sharp  working  edges  was  noted. 
The  cost  of  production  of  an  electroslag  billet  made  by 
the  technology  described  is  1, 5-2.0  times  lower  than 
that  of  a  forging  made  from  the  similar  steel  grade. 


SELECTION  OF  ADAPTIVE  ALGORITHM  TO  CONT¬ 
ROL  THE  EBW  PROCESS.  E.N. Rumyantsev,  V.O.To- 
karev  (FGUP  NPO  “Tekhnomash",  Moscow,  Russia). 
Technological  process  is  based  on  an  algorithm  to  mo¬ 
nitor  and  control  the  electron  beam  welding  (EBW)  pa¬ 
rameters. 

Control  of  mechanical  displacements  of  the  welding 
equipment  and/or  workpiece  and  basic  parameters  of 
the  power  supply,  as  well  as  correlated  control  of  the 
v.felding  current  and  focusing  on  the  "weld  start/end" 
region  following  the  preset  rigid  program  have  been 
developed  and  are  now  commercially  applied. 

The  problems  of  control  of  individual  parameters  of  the 
EBW  process  directly  during  welding  at  a  rated  power 
of  the  electron  beam  and,  moreover,  control  of  the  entire 
set  of  the  basic  parameters  of  the  process  have  found 
no  practical  solution  for  a  number  of  cases. 

However,  we  can  come  closer  to  finding  solutions  to 
these  problem  if  we  assume  that  the  EBW  process  is  a 
certain  physical  system  R  which  functions  in  a  continuo¬ 
us  or  discrete  time  and  includes  subsystems  r^,  r2...r^. 
At  each  time  moment  system  R  can  be  in  one  of  states 
A,,  A^-.-A^.  Each  state  A„  corresponds  to  a  countable 
set  of  states  B^,  B2...S^  for  each  of  subsystems  r^. 
State  A„  depends  both  upon  the  fixed  (preset)  parame¬ 
ters  of  the  subsystems  and  upon  the  result  of  simulta¬ 
neous  interaction  of  two  or  more  subsystems  between 
each  other.  For  example,  state  A^  corresponding  to  the 
required  diameter  of  the  focal  spot  at  the  workpiece 
surface  depends  upon  the  radial  play  of  the  workpiece, 
current  of  the  focusing  magnetic  lens,  etc.  Transitions 
from  A^  to  A^.(.,  and  from  occur  corAinuously, 

but  in  the  first  approximation  we  can  assume  a  time 
discreteness  of  such  transitions.  In  addition,  correlation 
of  parameters  of  different  regions  of  the  weld  is  slight 
enough.  This  allows  a  conclusion  that  state  A„  ot  system 
B  at  a  given  time  moment  is  independent  of  the  previous 
state.  Identification  of  the  state  of  the  system  (or  sub¬ 
system)  is  done  by  the  results  of  processing  of  output 
signals  of  transducers.  To  increase  the  probability  of  a 
right  decision  and  improve  noise-proofness,  it  is  advi¬ 
sable  to  use  several  transducers  based  on  different  phy¬ 
sical  principles  to  control  one  parameter. 

This  otters  the  possibility  of  making  a  description  of  all 
states  A„  ot  system  R  and  corresponding  states  Bm  of 
subsystems  rn  required  for  performance  of  the  EBW 
process.  The  control  algorithm  is  based  on  the  following 
diagram:  identification  of  the  state  of  the  system,  inclu¬ 
ding  the  state  of  the  subsystems,  estimation  otthe  prob¬ 
ability  of  producing  a  welded  joint  with  preset  para¬ 
meters  at  a  current  state,  selection  of  a  nev/  .state  cor- 
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ripeflCTaH/ifieTca  eosMOXHocTb  cociaBUTb  onucaiHue 
Bcex  Heo6xoflHMNX  ann  npoBeneuMB  3/IC  cocTosmufi 

GMOTeMbI  RM  COOTBeTCTByiOllJ,MX  HM  BCeX  B03M0>KHhlX 
cooTOfiHMti  noflciicTeM  r^.  ynpaB/iiaioui,MM  a/iropMTM 
peannsyeTCB  no  cxeMe:  nfleHTMCtsuKaunB  coctobhmb 
CMcxeMbi,  BKBKJ4aB  cocTOBHue  noflCMCTeM;  opeHKa  Be- 
poBTHOcTM  O  noBy'ieuMB  cBapnoro  coeflUHeuMB  c  aa- 
flaHHbiMH  napaweTpaMM  npi-i  TSK^/iMeM  coctobumm;  bu- 

6op  HOBOro  OOCTOSlHHq,  KOTOpOMy  COOTBBTCTByiOT  MaK- 
cMMa/ibHoe  anaHemie  O  m  (})opMMpoBani'io  ynpaBasiio- 
ii^ero  B03fleticTBMB  flan  nepexofla  b  sto  cocTonHue. 
AaropMTM,  peannaoBaMHbiM  noyKaaaHHoii  cxewe  h  ocy- 
mecTBanioifluR  eeponTHOCTHyio  openKy  napaMerpoB 
npoflecca  3/lC,  a  TaK)Ke  BoafleCicTBMe  aa  hmx  b  pea/ib- 
HOM  MafiUJTa6e  speMeuM,  nB/ineTcn  aflanTUBHbiM. 

CBAPKA  K0Mn03Ml4M0HH0r0  BO/IOKHMCTOrO 
MATEPMA/IA  HA  OCHOBE  MArHM91.  B.  P.  PaCoB, 
A.  r.  (l/lH-T  BneKTpocnapm  iAM.  E.  O.  PlaTOHa, 

r.  Kpibb,  YKpawia).  npHMeneHHe  MarHan  m  warHueBbix 
cnaaBOB  b  KanecTBG  MaTpuflU  KOMnoamoB,  apMupo- 
BaHHbiX  BblCOKOnpOHHblMl-1  H  BblCOKOMOflyBbHblMH  BO- 
floKHaMM,  noBBO/ineT  coaflaBaib  caMbie  /lerKne  kohc- 
TpyKUMOHHbie  MaTGpUa/lbl  C  nOBbllUeHHblMH  yfle/lbHOM 
npoHHocTbKD,  >Kaponpo'iHocTbK)  n  MoflyflBM  ynpyrocTM. 
fljin  apMupoBaHMB  Mamnn  n  ero  onaasoB  npuMeiinioT 
BfaicoKonpoHHyto  cTa/ibnyto  m  THiaHOByio  npoBonoKy, 
BOflOKHa  6opa  n  yr/iepofla,  HHTeBUflUbie  KpncTa;iflbi 
Kap6nfla  KpeMHpn.  BoAbULioc  npeMMyiflecTBO  MarHue- 
Bbix cnflaeon,  ncnojibsyeMbix  b  KaseoTBe  Majpunbi  KM, 
BaKJiioMaeTcn  e  tom,  hto  ohm  npaxiMMecKM  ne  pearM- 

pyiOT  C  apMMpyKIlUMMM  BO/lOKOHaMM  OCHOBHbIX  KJiaC- 
coB.  Mmohmo  aro  oScTonTe/ibCTBO  nosBonneT  Mcno/ib- 
aoeaTb  CBapxy  naasaenMeM  flan  noayHeuMn  MarHiienbix 
KOHCTpyKUMM. 

Hcc/ieflOBaHa  KOMnoaMfliin  Mg-fl,  BBaniouiancn  MHXce- 
HepHbiM  MaTepMaaoM,  McnoabsyeMbiM  b  anMapMOHMOH 
TexHMKG.  OTpa6oTKy  TexHo/iofMM  aproHo-flyroBOM  m 
MMKponaaaMeHHOM  csapKM  npoM3BoflMJiM  Ha  xoMnoavi- 
flMOHHOM  MarepMaxie  BKM-I  to/iuj,mhom  1,..2  mm,  no- 
jiyHeHHOM  anoco6oM  fli/KjjcpysMOHHOM  cBapxM  naxoTa 
({jojibrM  M3  cnaaBa  MA2-1  m  6opnoro  so/ioKHa  (TV  6- 
02-877).  OdteMHan  flo/in  Bo.noKOH  cocTaB/in/ia  50  %. 
CBapxy  CTbIKOBbIX  COeflMHeHMM  npOManOflMBM  c  flByx 
CTopoH  c  noflanei^  npMcafloMHoti  npoBoaoKM  Mapxn 
MA-2  fli/iaMexpoM  1,5  mm.  HonbnaHbi  oGpasubi,  csa- 
peiiHbie  Bflonb  m  nonepex  bobokoh.  flpM  mcxoahom 
npoMHOcTM  BKM-1  1100  MOa  flocTMmyTa  npoanocTb 
coeflMHeHMfi  (npM  CBapxe  Bflo/ib  bobokoh) 
900... 960  MHa. 

CTa6MJlbHOCTb  BOflOKOH  6opa  B  MarHMeBOM  MaTpMLie  M 
HeSo/ibiLioe  MextpaaHos  BaaMMOflOMCTBMe  na  rpauMfle 
pasfleaa  MaipMua-BonoxHO  Owao  noflTBepxJfleHo  mmk- 

pocTpyxTypHbiM  aHanM30M. 

OiaMKO-METAJmyPriMHA  CYMICHICTb  M  3AKO- 
HOMIPHOCTI  B3AeMOflli  PI3HOPIAHMX  ME- 
TA/IIB  nPM  HA^HHI.  C.  M.  CaMOxin  (VKp.  flepx.  Mop. 
TexH.  yn-T,  M.  Mi/iKOfia'iB,  yxpai'Ha).  B  noxyoKHMX  enep- 
roTMHHMX  npMCTponx,  Lflo  3acTocoByK3Tbcfi  B  HflepniM  ja 
KooMiMniM  TexHifli,  BaxfiMBe  Micpe  HajiexMTb  naviHMM  bm- 
coKOTeMneparypHMM  MoflynnM  is  piSHopiflUMM  cnoay- 
MeHHBM  lyronaaBKMX  MeraaiB,  fllcnepcHo-SMiflHeHHoi 
Mifli,  xpoMOHixeaeBMX  cTaaefi  i  cnaaBiB.  TpaflMUifiHMM 
niflxifl  flo  sacTocyBatiHH  npMnoin  i  pospoOKM  rexHoaoriPi 
naflHHB  pisHopiflHMX  MSTaaiB  HO  aaSesneaye  oTpMMaHHn 
KOHCTpyKUiM  3  HBoSxiflHMMM  eKcnayaTafliMHMMM  napa- 


responding  to  a  maximum  value  of  Q  and  formation  of 
the  control  effect  for  transition  to  this  state. 

The  algorithm  based  on  this  diagram  and  making  the 
probability  estimation  of  the  EBW  process  parameters, 
as  well  as  affecting  them  in  real  time  is  adaptive. 


WELDJNG  OF  A  MAGNESIUM-BASED  FIBROUS 
COMPOSITE  MATERIAL.  V.R. Ryabov,  A.G.Yasinsky 
(E.O.Paton  Electric  Welding  Institute,  Kyiv,  Ukraine).  Ap¬ 
plication  of  magnesium  and  magnesium  alloys  as  the 
matrix  of  composite  materials  (CM)  reinforced  with  high- 
strength  and  high-modulus  fibres,  permits  development 
of  the  lightest  structural  materials  with  an  increased  spe¬ 
cific  strength,  high-temperature  strength  and  modulus 
of  elasticity. 

Magnesium  and  its  alloys  are  reinforced  with  high- 
strength  steel  and  titanium  wire,  boron  and  carbon  fib¬ 
res,  silicon  carbide  whiskers.  A  great  advantage  of  mag¬ 
nesium  alloys  used  as  CM  matrix  consists  in  that  they 
practically  do  not  react  with  the  reinforcing  fibres  of  the 
main  classes.  This  is  exactly  the  feature  which  allows 
fusion  welding  to  be  used  for  magnesium  structures 
fabrication. 

Mg-B  composition  was  studied  which  is  the  structural 
material  used  in  aircraft  engineering.  Optimisation  of 
argon-arc  and  mioroplasrna  welding  technology  was 
performed  on  VKM-I  composite  material  1—2  mm  thick 
produced  by  diffusion  welding  of  a  pack  of  MA2-1  alloy 
foil  and  boron  fibre  (TU  6-02-877).  The  fibre  volume 
fraction  was  50  %.  Double-sided  welding  of  butt  joints 
was  performed  with  MA-2  filler  wire  of  1 .5  mm  diameter. 
Samples  welded  along  and  across  the  fibres  were  tes¬ 
ted.  With  VKM-I  initial  strength  of  1100  MPa,  the  joint 
strength  of  900-960  MPa  was  achieved  (in  welding  ac¬ 
ross  the  fibres). 

The  stability  of  boron  fibres  in  the  magnesium  matrix 
and  weak  interaction  on  the  matrix-fibre  interface  were 
confirmed  by  microstructurat  analysis. 


PHYSICAL-METALLURGICAL  COMPATIBILITY  AND 
LAWS  OF  INTERACTION  IN  BRAZING  DISSIMILAR 
METALS.  S.M.Samokhin  (Ukr.  State  Marine  University, 
Mykolayiv,  Ukraine).  Brazed  high-temperature  modules 
with  dissimilar  joints  of  refractory  metals,  dispersion- 
strengthened  copper,  chromium-nickel  steels  and  allo¬ 
ys  have  a  significant  place  in  high-capacity  power  units 
used  in  nuclear  and  aerospace  engineering.  The  tradi¬ 
tional  approach  to  the  use  of  braze  alloys  and  develop¬ 
ment  of  dissimilar  metal  brazing  technologies  does  not 
permit  fabrication  of  structures  with  the  required  per¬ 
formance  and  lowers  the  effectiveness  of  the  use  of 
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MeTpaMn,  SMenmye  ecfieKTMBHicTb  BiiKopucTaHHsi  bm-  i 
coKOTeMnepaiypHMx  BmcTHBocTeii  hobhx  kohc- 
TpyKuiMHMx  waTepia/iie.  V  SB'aaKy  3  14MM  BaxcnuBi'iMH  e 
aaxoflu  moAo  noAa/ibiuoro  BflocKOHa/ieHHB  TexHo;iorm  j 
namm  i  cK/iafly  npnno'iB  3  ypaxyeaMHq  HMHHUKiB,  luo  | 
nepeiJJKOfl)KaiOTb  niflBuiueHHto  piBMP  eKcrmyaTauiMnnx  ! 
napaMejpiB  BMCOKoreMnepaTypHnx  eHepreTWMHux  | 
npucTpoiB.  I 

flo  rOBOBHMX  HeraTMBHMX  HMHUUKiB,  mo  o6yMOB/l(OIOTb  ! 

npoS/ieMM  npn  nasHHi  Byaais  3  pianopinHux  MeiaJiiB  ra  I 
3  IX  npai^esflaTHicTK)  b  yMoeax  bmcokhx  Tewneparyp, 
Hajiexaib  Taxi: 

•  se/iMKa  po36ixHicTb  noxasHHKiB  (JiianKo-MeTa- 
aypriiiHux  BJiacTHBOcTeii  3’eflHyBamix  MaiepiaaiB,  bh- 
coKa  peaKi^iiiHa  cxmibnicTbTyronaaBKMX  weraaiB  flo  yr- 
BopeHHB  3  nepeeaxHoro  6i;ibUjicTra  iaiunx  MeTaaiB 
KpuxKMX  Ta  TBepflMX  iHTepMeTaaiflUMX  cnojiyK  Tuny  ct-, 
T|-,p-.  aSo  p-cjjaa; 

•  snaHMa  po36ixHicTb  noKasHHxiB  xanmapHnx  BJiacTW- 
BOCTeM  i  napaMBTpiB  BsaeMOAi'i  npvinoiB  i  flenpecanriB 
3  MeranaMM,  mo  cicnaflaioTb  pianopiflHe  3'eflnaHHfl,  a 
TaKox  nepesaxHa  nacTUHa  werany  3  hmxmoio  lewne- 
parypoio  naaBrienHa  b  npouecax  eaaeMOAii,  ct)opMy- 
BaHHB  cTpyKTypi-i  Ta  c})a30Boro  CK/iafly  MBTany  mna, 
BKicHMX  i  c;iyx6ciBMX  noKasHHKiB  naBHMX  s’eflHaHb; 

•  BnauB  aacTOK  sMinHioioHo'i  (paai-i  Ha  npoij,ec.n  KonTax- 
THo'i  BsaeMOAii  npnno'iB  Ta  (})opMyBanHB  na?!HHx  lUBin 
flicnepcHO-SMinHenoi  Mifli; 

•  BeBMKa  p036iXHiCTb  nOKaSHHKIB  (}3i3HKO-MexaHiHHHX 
BPacTHBocTeti  3’eflHyBaHMX  MeTaais,  bhcokhm  pieenb 
aa-nniiiKOBHX  tcpmIhhhx  Hanpyxeiib  Ta  I'x 
HepiBHOwiipHMH  poanoAi/i. 

ToMy  npw  BnroTOB/ieMHi  pisHopiflUHX  naHHMX  BysAiB  bm- 
coKOTewnepaTypHoro  npHSHaMSHna  sa  ynacTio  Tyron- 
aasKHX  MeTaaiB  Heo6xiAHO  BMpiiiiMTH  flsa  to/iobhmx 
sasflanHB.  Ho-nepme,  Tpe6a  BH3HaHMTn; 

•  6a30Bi  CHCTGMH  npiino'iB; 

•  HanpBMKH  ’ix  aeryBaHHB  Ta  BH6ip  flenpecaHTis,  mo 
cnpMBioTb  3ano6iraMHio  sneMiuHGHUB  nanHMx  wa- 
TepianiB,  aaTpwMui  yrsopenHa  iHTepMeTaninHMX  xpHXKMX 
npoLuapxiB,  nmnMmeHHKJ  xiMiHHoi  oflHopiflHocTi  MBTany 
LUBa,  BpiBHOBa>KeHHro  napaMeTpis  KOHTaKTHOi  BsaGMOAif 
i  AH<t)y3iHHoro  Macoo6MiHy,  cTaSmiaaAi'i  BHcoKOTewne- 
paTypHHX  cnyx6oBHX  BnacTMSOCTeO  s’eAHai-ib. 
flpyre  aaBAanun  nojiTirae  b  sMenujeHHi  piBHB  aanmu- 
KOEMX  TepMiHHMX  HanpyxeHb  ujnnxoM  KOMn’K)Tepno'i 
onTHMiaatiii  KOHCTpyKAiHHHX  napaMeTpis  ayana,  cfjisH- 
KO-MexaniHHMX  BnacTiiBocTSM  s'eAnysaHHX  MaTepianis 
3  ypaxyBaHHHM  pexMMiB  nanHun  i  eKcnnyaTapi!  b  yMoeax 
bucokhx  TGMnepaTyp. 

Ha  ocHOBi  BHBHeHHB  xiMiHHoro  i  tfiasoHoro  cicnaAy  na- 
PHHX  3’eAHaHb,  KiHeTMHHHX  napaMGTpiB  MiXtfiaaHOi' 
BsaeMOAii  BCTaHoeneno  saKOHOMipHOCTi  (}3opMyBaHHB 
TepMo-cTa6inbHMX  i  xapoMiuHHx  nafiHHX  3’eAHaHb 
AicnepcHo-3MiuHeHo'i  wiAi  3  TyronnasKHMH  MeTanaMM, 
HepxcaBiKTHMX  CTanew  aycTeHiTHoro  i  tt)epi-iTHoro  xnaciB 
3  Moni6AeHOM,  xpoMOHiKenesHX  cnnasiB  i  cnnasiB  sa- 
HaAiK),  Hio6iio  i  TaHTany  3  MoniSASHOM  i  BonhcppaMOM. 
BuB'iei-io  snnMB  AenpecaHTiB,  neryionux  eneMenTiB 
npMnoi'B  Ta  AOMimoK  ochobhhx  MeTanie  Ha  6yA0By  Ta 
BKicHi  noxasKHKH  pi3HopiAHHX  nafiHHX  3’eAHaHb.  3  ypa- 
xyeaHHBM  BMBBneunx  BaKOHOMipnocTeii  excnepHMeH- 
TanbHO  Ta  aa  AonoMoroio  KOMn’ioTepHoro  npomosy- 
BaHHB  TeMnepaTypn  nnaBneHHn  6araTOKOMnoHeHTHHx  ^ 
cnnasiB  po3po6/ieHO  HOBi  CHCTewH  npiinoiB,  niAiSpano  | 


high-temperature  properties  of  the  advanced  structural 
materials.  In  this  connection  important  are  the  measures 
on  further  improvement  of  brazing  technologies  and 
braze  alloy  compositions,  taking  into  account  the  factors 
preventing  the  increase  of  the  level  of  performance  of 
the  high-temperature  power  units. 

The  main  negative  factors  giving  rise  to  problems  in 
brazing  of  dissimilar  metal  components  and  their  high- 
temperature  performance  are  as  follows: 

•  great  difference  in  the  values  of  physical-metallurgical 
properties  of  the  materials  being  joined,  high  reactive 
ability  of  refractory  metals  to  form  brittle  and  hard  in- 
termetallic  compounds  of  the  type  of  ct-,  A".  p-  of  p- 
phases  with  the  absolute  majority  of  other  metals; 

•  significant  difference  in  the  capillary  properties  and 
parameters  of  interaction  of  the  braze  alloys  and  dep¬ 
ressants  with  the  metals  in  the  dissimilar  joint,  as  well 
as  the  greater  part  of  the  metal  having  lower  melting 
temperature  in  the  processes  of  interaction,  formation 
of  the  structure  and  phase  composition  of  the  weld 
metat,  quality  and  service  properties  of  brazed  joints; 

•  influence  of  the  strengthening  phase  particles  on  the 
processes  of  contact  interaction  of  the  braze  alloys  and 
formation  of  brazed  joints  of  dispersion -strengthened 
copper; 

•  great  difference  in  the  values  of  physical-mechanical 
properties  of  the  metals  being  welded,  high  level  of  re¬ 
sidual  thermal  stresses  and  their  non-uniform  distribu¬ 
tion. 

Therefore,  tv/o  main  problems  should  be  solved  in  fab¬ 
rication  of  dissimilar  brazed  components  containing  ref¬ 
ractory'  metals,  for  high-temperature  applications.  First, 
it  is  necessary  to  determine:  base  systems  of  braze 
alloys;  types  of  their  alloying  and  selection  of  depres¬ 
sants  which  promote  prevention  of  brazed  material  sof¬ 
tening,  delaying  of  the  formation  of  brittle  intermetallic 
layers,  improvement  of  chemical  homogeneity  of  weld 
metal,  harmonising  the  parameters  of  contact  Interac¬ 
tion  and  diffusion  mass  transfer,  stabilisation  of  high- 
temperature  performance  of  the  joints. 

The  second  problem  consists  in  lowering  the  level  of 
the  residual  thermal  stresses  by  computerised  optimi¬ 
sation  of  the  component  structural  features,  physical- 
mechanical  properties  of  the  materials  being  joined  al¬ 
lowing  forthe  brazing  modes  and  high-temperature  ser¬ 
vice  conditions, 

Investigation  of  the  chemical  and  phase  composition  of 
brazed  joints,  kinetic  parameters  of  interphase  interac¬ 
tion  permitted  establishment  of  the  laws  of  formation  of 
thermally-stableand  high-  temperature  resistant  brazed 
joints  of  dispersion-strengthened  copper  with  refractory 
metals;  stainless  steels  of  austenitic  and  ferritic  classes 
with  molybdenum;  chromium-nickel  alloys  and  vanadi¬ 
um,  niobium  and  tantalum  alloys  with  molybdenum  and 
tungsten. 

The  influence  of  depressants,  alloying  elements  of  braze 
alloys  and  additives  to  the  base  metal  on  the  structure 
and  quality  characteristics  of  dissimilar  brazed  joints  has 
been  studied.  New  braze  alloy  systems  have  been  de¬ 
veloped,  material  combinations,  brazing  modes  and 
brazed  joint  geometries  ensuring  fabrication  of  high-ca¬ 
pacity  power  units  for  high-temperature  applications 
have  been  selected  experimentally  and  by  computer 
forecasting  of  the  melting  temperature  of  multicompo¬ 
nent  alloys,  taking  into  account  the  found  dependencies. 


125 


CBAPHblE  KOHCTPymi/tM 


WELDED  STRUCTURES 


cno/iy>ieHHfi  MarepianiB,  pexMMu  naaHHSi  ra  komc-  1 
TpyKi-iiMHi  THOM  naBHMX  3'eflHaHb,  BKi  3a6e3neHyioTb  bh- 
roTOBJieuHn  noryximx  BucoKoTeMneparypHMX  enepre- 
TMHHIIX  npUCTpo'lB. 

BuKopMCTaHHB  npuno'i'B  Ni(Fe)-(Si)B,  Ni-(Si)8-V  floaso- 
/iBe  ni^iBmxi,MTM  TeMneparypy  Tpiiea/io'i  po6oTM  3'GflHaHb 
HepxaBlioMux  cra/iefi  ia  cn/iaBaMii  Moai6fleHy  no  700  ‘C, 
a  KopoTKOBacHo'i  —  flo  900  "C.  ripn  naBHMi  xpoMOHixe- 
;ieBMX  cnaaBiB  is  cn/taBaMn  MOJii6fleHyi  BoabiJipaMy  npn- 
noBMH  Ni  -Zr  Ta  Ni-H  AOBefleno  Heo6xiflHicTb  i'x  aery- 
BaHHB  e/ieMeHTawM,  mo  sSi/ibuiyioTb  Bsaeway  po3- 
HMHHiCTb  3'eflHyBaHMX  MeiajiiB,  ynoBiBbHioioTb  <t)opMy- 
BanHB  npoLuapKiB  p-  Ta  p-cjsaa.  Po6oMa  Tewnepaxypa 
naniinx  a'eAnaHb  y  uibOMy  pasi  Moxce  cBraxn  1200  ‘C. 

nafiHHB  pisHopiAHMx  cnaaeiB  ryronaaBKHx  MeiaaiB 
po3po6(iGMO  npMno'i  na  ocBosi  cnaasiB  Ti-V-Zr,  Ti-Zr- 
Cr,  Ti-V-Cr,  V(Ti)-Cr-Nb,  pxi  3a6e3neByioTb  TpiiEa/iy 
po6oTy  naBHWx  BysBiB  npn  TewnepaTypax  ao  1400  'C. 
Ha  ocHOBi  peayabTaxiB  KOMn/iexcHnx  AocaiA>KeHb  aa- 
KoKOMipnooTod  BsaeMOAli  Ta  (JjopwyBaHHB  s’eAnaub 
poapoOaeMO  HOBi  npunoi  i  TexHojiori'i  naBiiHB,  bki  Bopo- 
BaAxccHi  Ha  HBO  «EHepriH"  i  KB  «niBAeHHe». 

MCC/IEAOBAHMIE  BSAMMOflEMCTBMq  EPblSf 
PACn/IABilEHHOrO  META/WIA  C  HOBEPXHO- 
CTbK)  CBAPMBAEMOrO  MSflEJIMB  HPM  CBAPKE 
B  yr/IEKMC/lOM  rA3E.  C.  B.  CanoxKOB,  K.  M.  ToMac, 
B.T.  0eflbKo  Tom.  nonurex.  ya-Ta,  r.  fOpra, 

P0).  CymecTBeHHbiM  HeAOCTaTXOM  cnocoOa  CBapKH  b 
CO^HB/iaeTCR  noBbiiJjenHoe  paaOpbiarHBaiiMe  MexaBJia 
M  CBHSaHHOR  C  HUM  3a6pbl3rHBaHHe  riOBepXHOCTH  M3- 
AeawM,  c6opoHHO-cBapoHHbix  npncnoco6aennCi  h  as- 
TaaePi  annapaxyphi,  KOTopoe  hphboamt  k  hboOxoah- 
MooTM  OMMCTKM  noBepxHocTeti  OT  6pbi3r  pacnaaBBeH-  ! 
Horo  MeTaa/ia,  ysenHHeHMio  pacxoAa  BMOpoi-nicTpy- 
MEHTa  M  SHGprUM,  HTO  POBbllUaeT  CeOeCTOHMOCTb 
MaroTOBaenMH  ceapubix  KOHCTpyKHMW- 
fljiH  onpeAGnenHH  xapaxtepa  BsaHMOAeiicTBHH  Opbisr 
pacnTiaBneHHoro  weTaaaa  c  noBepxHOCTbio  CBapusae- 
Moro  M3Ae-nn5n,  oKaabiEaiomero  cyiAecTEenHoe  saMfi- 
HMe  Ha  npoMHOcTb  MX  cuenaenMH,  6bm  npoBeAen  ana- 
;iM3  MMKpocTpyicryp  MexaBJia  aoHbi  saaMMOAeMCTBHH, 
MsBecTHo,  HTO  Ha  noaepXHOCTM  6pbi3r,  TOMnepaxypa  | 
KOTOpbIX  B  HanaJIbHblH  MOMBHT  OTpbIBa  OT  s/texTpoAa 
AOCTMraeT  2970  K,  oKCMAHafi  n/isHKa  b  ochobhom  coc- 
TOMT  M3  FeO.  B  MOMBHT  KOHTaKTa  SpblST  C  nOBGpX- 
HocTbto  MeTa/iJia,  noKpbiToro  oxa/iMHOM,  npoi.:0xoAMT  | 
ee  naaB/ioHMe.  B  paonaaBO  aroMbi  okcmahom  naoMKM  j 
Spbiar  nepoMRLUMBaioTCH  c  oKaaMHOM  Ha  noBopxMOCTM 
CBapMBaeMoro  MSAsaMH,  oSpasyn  waMMOHee  npoHHoe 
cuenaeHMe  (ycMBMe  cpesa  cocTaBaneT  20, ..50  H/mm  ). 
ripM  MsynenMM  cuenaenMH  xpynubtx  Opbisr  6biao  oSna- 
pyxGHo  cnaarjaenMO  mx  c  nosepxHocTbio  MSAeaMfi,  ko- 
Topoe  npoMcxoAMT  ToabKo  nocae  yAaaenMH  c  ynacTKa 
KOHTaKTa  oKCMAHbix  nacHOK.  KoFAa  TenaoTbi,  coAspxa- 
meMcq  B  Kanae,  AOCTaTOHHO  pnn  paapymeHMB  (pacn- 
aaBaenMH)  caoa  oicaaMHbi,  BsaMMOASMCTBMe  b  aone  mx 
KOHTaKTa  npOMCXOAMT  3a  CHGT  CaM0AM(t)lt>y3MM  nOBOp- 
XHocTHbix  aTOMoB  MGTaaaa,  OAHaKo  caeAyex  yMMTW- 
BaTb,  HTO  na  npoHHOCTb  cnenaGHMH  B  ashhom  caynae 
BaMBOT  MHTencMBHOCTb  nponscca  TenaooTBOAa,  anep- 
reTMHecKoe  TenaocoAepxaHMe  KanaM  m  yAapHoe  a^b- 
aenMO  B  MOMenT  KOHTaKTa,  Tai<,  npM  tgx  >Ke  mhtghcmb- 


Application  of  Ni(Fe)-(Si)B,  NHSi)B-V  braze  alloys  al¬ 
lows  the  temperature  of  long-term  service  of  joints  of 
stainless  steel  with  molybdenum  alloys  to  be  increased 
up  to  700  'C,  and  that  of  short-term  service  up  to  90  "C. 
In  brazing  of  chromium-nickel  alloys  to  molybdenum 
and  tungsten  alloys  with  Ni-Zr  and  Ni-Hf  braze  alloys, 
the  need  to  alloy  them  with  elements  increasing  the 
mutual  solubility  of  the  metals  being  joined  and  slowing 
down  the  formation  of  p-  and  p-phase  interlayers  has 
been  proved.  The  working  temperature  of  the  brazed 
joints  in  this  case  can  be  up  to  1 200  'C. 

Braze  alloys  of  Ti-V-Zr,  Ti-Zr-Cr,  Ti-V-Cr,  V(Ti)-Cr-Nb 
systems  have  been  developed  for  brazing  dissimilar  al¬ 
loys  of  refractor/  metals,  thus  ensuring  long-term  per¬ 
formance  of  brazed  components  at  up  to  1400  'C  tem¬ 
peratures. 

Proceeding  from  the  results  of  comprehensive  investi¬ 
gations  of  the  laws  of  interaction  and  joint  formation, 
new  braze  alloys  and  brazing  technologies  were  deve¬ 
loped,  which  have  been  introduced  at  RPA  «Energia» 
and  DB  «Pivdenne», 

INVESTIGATION  OF  INTERACTION  OF  SPATTERS  OF 
MOLTEN  METAL  WITH  A  SURFACE  OF  WORKPIECE 
BEING  WELDED  IN  CO^  WELDING.  S.B.Sapozhkov, 
K.l.Tomas,  V.T.Fedko  (Division  of  the  Tomsk  Polytech- 
nical  University,  Yurga,  Russia).  The  process  of  CO^ 
welding  has  the  considerable  disadvantage  of  more  in¬ 
tensive  metal  spatter  and  the  associated  sticking  of  the 
metal  to  the  surface  of  the  items  being  welded,  assem¬ 
bly-welding  fixtures  and  welding  equipment  compo¬ 
nents,  which  increases  the  labour  consumption  in  the 
operations  of  these  surfaces  cleaning  from  the  molten 
metal  drops,  wear  of  vibration  instruments  and  power 
consumption,  thus  raising  the  cost  of  v/elded  structure 
fabrication. 

Interaction  zone  micro-structures  were  analysed  to  de¬ 
termine  the  nature  of  molten  metal  drops  interaction 
with  the  surface  of  the  item  being  welded,  which  has  an 
essential  influence  on  their  adhesion  strength. 

It  is  known  that  on  the  surface  of  metal  drops  whose 
temperature  can  be  up  to  2970  K  at  the  initial  moment 
of  separation  from  the  electrode,  the  oxide  film  mainly 
consists  of  FeO.  At  the  moment  of  the  drops  contact 
with  the  surface  of  the  metal  covered  with  scale,  it  is 
melted.  In  the  melt,  the  drop  oxide  film  atoms  are  mixed 
with  the  scale  on  the  surface  of  the  item  being  welded, 
and  the  weakest  adhesion  is  produced  (shear  force  is 
20  to  50  N/mm^). 

Study  of  large  drops  adhesion  revealed  their  fusion  with 
the  surface  of  the  item,  which  takes  place  only  after  the 
oxide  film  removal  from  the  contact  area.  When  the  amo¬ 
unt  of  heat  in  the  drop  is  sufficient  for  destroying  (mel¬ 
ting)  the  layer  of  scale,  the  interaction  in  their  contact 
zone  proceeds  at  the  expense  of  self-diffusion  of  the 
surface  atoms  of  the  metal.  It  should  be  taken  into  ac¬ 
count,  however,  that  the  adhesion  strength  in  this  case 
depends  on  the  intensity  of  the  heat  removal  process, 
thermal  energy  of  the  drop  and  impact  pressure  at  the 
moment  of  contact,  So,  at  the  same  intensity  and  impact 
pressure,  but  low  heat  content,  the  diffusion  process  is 
slowed  down  (shear  force  of  60-300  N/mm  )  and  at 
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HocTM  n  yflapHOM  flaB/ieHMH,  HO  HH3KOM  Tenjiocoflep- 
xaHHM  npoMcxoflMT  3aM8fl/ieHi/ie  ripopecca  flH(t)ct)y3nn 
(ycMBMe  cpe3a  60. ..300  H/mm  ),  npn  OoabUJOM  Tenao- 
coflepxanMH  —ycKopeHMe  npouecca  fli'ictiiJjyaHM  (ycH- 
Jiwe  cpeaa  300. ..500 

fljia  noflTBepxfleHHB  TeopeTHsecKi-tx  npexinoobiaoK  hc- 
caenoBanw  csapHbie  oSpaaubi  H3  cxajiM  Ct3  c  paa/iHH- 
HOH  ujepoxoBaTOCTbK).  rio  Mecxy  KonTaxTa  6pbi3r  c  no- 
BepxHocTbK)  oOpaapa  6biaM  cfleaaHbi  Maxpo-  m  mmk- 
poujaM4>bi,  HCc/ieflOEaHHB  ocymecTBaa/iH  Ha  onTnaec- 
Kow  MHKpocKone  MHM-7  npM  yBejiMMeHMH  100. ..500. 
AHanna  MHKpocrpyicryp  c  pacicnaflKoii  yBe/iUMSHi-iH  B 
30He  KOHxaKTa  Kanan  c  noBepxHocTbio  3ac|3MKcnpoBaa 
caeflyiou^yio  ocoQeHHOCTb:  Ha  rpamipe  hx  cnaaBaeHHB 
oSHapyxeH  cBexabifi  caoH  cjjeppHxa,  nofl  Kanaeti  (Cb- 
08r2C)  — xeMiiaa  oSaacxb  (nepaHX),  naasHO  nepexo- 
AHiuas  B  ct)eppMXHo-nepaMXMyK3  o6aacxb  ocuoBnoro 
Mexaaaa  (Cx3),  Koxopyio  HaMMKpou.ian4>e,xpaBaeHHOM 
4  %-M  pacxBopoM  aaoxHoCi  xnoaoxbi  b  cniipxe,  mo)kho 
yBMflexb  HesoopyxeHHbiM  raaaoM.  OpMeaxiiposoMHo 
onpefleaBeMoe  no  ct)opMyae  C  =  0,8  n/1 00  (fi  —  Mac- 
cosaa  floaa  nepnMxa  b  cxpyxxype,  %)  KoaHaeoxBo  yr- 
aepo^a  nofl  xanaeti  cocxaBHao  0,04. ..  0,05  %;  b  xerviHoPi 
o6aacxM  —  0,35  ...0,  40%;  b  ochobhom  wexaaae  — 
0,25  %.  flaxe  c  ynexoM  norpeaiHocxH  npH  BHsyaabHofi 
oKeHxe  coflepxaniw  yraepop.a  moxho  cfleaaxb  BbiBOfl, 
Hxo  BcaeflcxBHe  nHxeHCHBHoro  xenaoHacbiiMeHna  bmo- 
MGHX  xoHTaxTa  xanaH  c  noeepxHocxbXD  npn  xeMnepaxype 
ox  200  flo  700  'C  npoMcxoflMX  flM^jit'yaMOHHoe  nepepac- 
npefleaenne  yraepofla  srayGb  ochobhopo  wexaaaa.  B 
peayabxaxe  neperpexaa  o6aacxb  nocae  yflaaoHMa  xanaH 
6yflex  cayxHXb  xoHLieHxpaTopoM  BHyipsHHHX  Hanpaxe- 
HHH,  HXO  HeflonycxHMO  npM  HsroxoBaoHMH  oco6o  oxaex- 
CXBeHHblX  XOHCXpyxHHM. 

AHaan3  aKcnepHMGHxaabHbix  AanHbix  noaBoavia  ycxaHo- 
BMXb,  HXO  HaM6oaee  npoHHoe  cnenaeHHe  xannw  c  rioeep- 
XHOcxbio,  o6pa6oTaHHofi  nax/ianubiM  xpyroM,  noBBaqex- 
CB  npn  caMoflncl)cf)y3nn  noBepxHocxHbix  axowoB  b  sone 
KOHxaxxa  (cnaaEaewne),  HanweHee  npoHHoe  — npn  na- 
anann  na  noBepxHocxn  {b  cocxobhuh  nocxanxM)  okcmaob 
n  paaatiHHbix  sarpnaHennfi.  CaeaoBaTeabHo,  npn  npoanx 
pasHbix  ycaoBMBx  nonnanxb  npoHHocxb  cuenaoHna 
Spbisr  c  noBspxHocxbK^  CBapnBaewbix  nsAeann  n  flsxa- 
aBMM  cBapoHHon  ropeaxn  moxho  nyrew  HaneceHMa  Ha 
Hee  aaiunxHbix  noxpbixnn,  xorfla  aHepreinHeoKoe  xen- 
aocoAopxcaHne  xanan  n  momohx  xoHxaiaa  6yAex  nan- 
paaaeHO  na  paaaoxeHne  (yAaaeHne)  noicpbixna. 

AJirOPMTMbl  MMny/lbCHOrO  ynPABJlEHMSI 
nPOI4ECCOM  CBAPKM  A^SI  CTPOUTEJIbCTBA  M 
PEMOHTA  MArMCTPA/IbHblX  rASO-  M  HE<S)TEn- 
POBOAOB.  /O.  H.  Capaee,  O.  i>1.  lUni'iryHoea 

npo^HocT!^  i/i  MaTepiAanoBBAemn  CO  PAH, 
r.  Tomck,  P0).  lexHoaori'iB  m  opraHH3au,iiR  cBapxn  npn 
MOHxaxG  HenpepbiBHon  hmxxm  xpySonpoBOAa  nocxoan- 
Ho  coBepujeHoxByioxca  c  Aeabio  noBbiujeMiifi  xewna 
MOHxaxHbix  pa6ox,  raasHbiw  oSpaaoM  SaaroAapn  aa- 
xoMaxnsaAi/in  MOHxaxa  HenoeopoxHbix  cxbixoB.  Boab- 
AiMHcxBO  nonbixoK  asxoMaxnanpoBaxb  ceapxy  nenoBo- 

pOXHblX  CXbIKOB  CBBSaMO  C  npiiMeHOHMeM  AyrOBOil 

cBapxn.  ,iCiocxonHcxBaMii  aBxoMaxnHecxon  csapxn  b 
COj  HononopoXHbix  cxbixoB  xpyOonpoBOAOB  H3  amc- 
nBpcnoHHO'XBepAeiomnx  cxaaeri  nMnopxnoro  n  oxe- 
HecxEGHHoro  npoM3BOACXBa  HBaaraxcq  B03Mox<Hocxb 
ncnoabsoBaHi-iq  cBapoHHon  npoBoaoxH  CB-08r2C,  cox- 
paiuBHHG  BpewieHi/t  CBapxn  KopneBoro  n  sanoaHaxjiunx 


high  heat  content  the  diffusion  process  is  accelerated 
(shear  force  of  300-600  N/mm  ). 

St, 3  welded  samples  with  various  degrees  of  roughness 
were  studied  in  order  to  confirm  the  theoretical  postu¬ 
lates.  Macro-  and  microsections  were  cut  out  in  the 
place  of  the  drops  contact  with  the  sample  surface  and 
investigations  v/ere  conducted  in  MIM-7  optical  micros¬ 
cope  which  allows  examination  at  XI 00-500  magnifica¬ 
tion. 

Analysis  of  microstructures  at  different  magnifications 
of  the  zone  of  the  drop  contact  with  the  surface  revealed 
the  following  feature;  a  light-coloured  ferrite  layer  is 
found  on  their  fusion  boundary  and  a  dark  area  is  ob¬ 
served  underthedrop  (Sv08G2S),  namely  pearlite  smo¬ 
othly  changing  to  a  ferrite-pearlite  area  of  the  base  metal 
(St. 3)  visible  to  a  naked  eye  in  a  microsection  etched 
with  a  4  %  solution  of  nitric  acid  in  alcohol.  When  the 
method  of  carbon  confent  determination  by  the  area 
occupied  by  ferrite  and  pearlite  In  the  structure,  from 
the  following  equation:  C  =  0.8  P/100  (%),  where  P  is 
the  amount  of  pearlite  in  the  structure,  %,  was  used, 
the  carbon  content,  tentatively,  was:  0.04-0.05  %  under 
the  drop;  0.35-0.40  %  in  the  dark  area;  and  0.25  %  in 
the  base  metal.  Even  allowing  for  the  error  in  visual 
asse.ssment  of  carbon  content,  the  conclusion  can  be 
made  that  intensive  heat  saturation  at  the  moment  of 
the  drop  contact  with  the  surface  leads  to  a  diffusion 
redistribution  of  carbon  into  the  base  metai  which  pro¬ 
ceeds  at  the  temperature  from  200  to  700  *C,  As  result, 
the  overheated  region  after  the  drop  removal  will  act  as 
the  inner  stress  raiser,  this  being  inadmissible  in  fabri¬ 
cation  of  highly  critical  structures. 

Analysis  of  experimental  data  demonstrated  that  the 
drop  adhesion  to  the  surface  treated  with  an  emery 
wheel  is  the  strongest  when  the  interaction  proceeds 
due  to  self-diffusion  of  surface  atoms  in  the  zone  of 
contact  (fusion)  and  the  weakest  when  the  as-delivered 
surface  has  oxides  and  various  contamination,  as  the 
oxides  on  the  drop  surface  fuse  with  them.  Therefore, 
with  other  conditions  being  equal,  the  strength  of  the 
drops  adhesion  to  the  surface  of  the  items  being  welded 
and  the  welding  torch  parts  can  be  reduced  by  applying 
protective  coatings  on  it,  when  the  thermal  energy  of 
the  drop  at  the  moment  of  contact  will  be  directed  to 
decomposition  (removal)  of  the  coating. 


ALGORITHMS  OF  PULSED  CONTROL  OF  WELDING 
PROCESS  FOR  CONSTRUCTION  AND  REPAIR  OF 
MAIN  GAS  AND  OIL  PIPELINES,  Yu.N.Saraev, 
O.I.Shpigunovs  (Institute  of  Strength  Physics  and  Ma¬ 
terials  Science,  Siberian  Division  of  RAS,  Tomsk,  Rus¬ 
sia).  Currently  used  technologies  and  organisation  of 
welding  operations  in  mounting  the  continuous  line  of 
pipelines  are  being  constantly  improved  to  increase  the 
rate  of  mounting  operations  performance.  One  of  the 
methods  is  automation  of  position  butt  mounting.  The 
majority  of  the  attempts  at  automation  of  position  butt 
welding  are  related  to  arc  welding  application.  Welding 
in  the  atmosphere  of  the  most  inexpensive  and  acces¬ 
sible  carbon  dioxide  gas,  looks  much  more  attractive 
compared  to  other  welding  processes  due  to  a  compa¬ 
rative  ease  of  implementation  in  case  of  welding  in  dif¬ 
ferent  positions  in  space.  The  advantage  of  automatic 
COj  welding  of  position  butts  of  pipelines  of  imported 
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cnoGB,  yivieHbLLieHMe  nonepeMHoro  ceneHUB  pa.BflenKti 
M  o6iieMa  HannaBBeHHoro  Mexaa/ia.  OAHaKo  ev\  npi-i- 
cyiiJiM  M  HeAocTaTKM,  cBsaaHHbie  c  HaanHMeM  AecperroB 
B  ceapubix  coeAnaenM?ix,  HecnaaBAGHMM  no  xpoMKaw 

H  Me)KAy  CAOBMM,  oSyCAOBAeHHbIX  npOBBAeHMBMM  HBC- 
Ta6MAbMocTH  npopecca  CBapKii,  HenpepuBUbiM  h3mg- 
HOHMeM  npocTpancTBeHHoro  noAoxennB  cBaponnon 
BanHbi,  ycTpauMTb  KOTopbieMoxHonyreM  o6ecneMeHMB 
CTa6nAbHbix  SHepreTHMecKiix  xapaKrepucTOK  npopec- 
ca  cBapKM  m6o  wsMeHeni'in  nx  no  onpaAcaenHOM  npor- 
paMMe. 

^HHa  ToabKO  poocnticKOM  BacTn  cosAaHHow  b  6btB- 
LueM  CCCP  cHCTeMbi  MarwcTpaabHbix  TpyConpoBOAOB 
AAB  TpaHonopTMpoBKM  npupoAHoro  rasa,  Hetf)™  n  npo- 
AyKTOB  MX  nepepa6oTKM  cocTaBaneT  208  tuc.  km,  npn- 
HPM  AOMMHMpyiOT  B  HeM  Tpy6onpoBOAhi  BbicoKoro  Aan- 
aeHMB  M  6oabaioro  (1220...  1420  mm)  AnaMexpa.  Oc- 
HOBnasi  ‘lacxbMarMcxparibHbix  xpyOonpoaoAOQ  oKcnay- 
axMpyexcB  AocxaxoBHo  AnMxeabHoe  BpeMti  (30  % 
raaonpoBOAOB  naxoAMXca  b  aKcnayaxapMM  6onee  20 
aex,  a  15  %  —  oKoao  30  aex).  noAflepxaHne  xpy6on- 
poBOAOB  B  paSoxocnocoSHOM  cocxoBiiMMxpe6yexnpo- 
BeAPHHB  Bbl6opOMHh!X  HaaHOBblX  PGMOHXOB  ywacxKOB  0 
onacHbiMM  AEct'eKxaMM  nyxeM  McnoabsoBaHMB  34)cf)eK- 
XMBHbix  M  yuMBepcaabHbix  xexHoaoruM,  o6ecneMMBaio- 
LAMX  BOCCxanoBaeiHMe  npowHocxM  n  AnaroBennocxM  f\e- 
((jeKXHoro  ynacxKa  xpy6onpoBOAa  ao  ypoBHB  6e3Ae- 
4)GKXHoro,  HanpMMep  KOMno3MXHo-My4)XOBOM  xexno- 
aOXMM,  ripM  3XOM  CBapKA  MBaneXCB  OCHOBHOM 
xexHoaorMMecKOM  onepaiineM,  ox  KoxopoM  saBMonx  xa- 
necxBo  peMOHxa.  npMMenBeMan  py>-iHaB  AyroBaa  cBap- 
Ka,  ocodeHHo  A-Bb  My4>x  GoahuioM  Annubi,  npuBOAMX  k 
3HaMMxeabHbiM  saxpaxaM  BpeMeHM,  a  xpoMe  xoro,  xpe- 
6yex  BbicoKOM  KBaaMcjanKauuM  CBapiAMKOB. 
flaabHeMLUMM  nporpecc  b  cxpoMxeaboxBe  Marnoxpaab- 
Hbix  xpy6onpoDoAon,  cnoco6cxByK3LHMM  yBeaMBSHMio 
xeMnoB  MOHxaxa  m  peMonxa,  cHMxeHMio  cefiecxoMMoc- 
XM  cBapo'uibix  paSox  npM  o6eoneMeiiHM  xpaSyeMoro 
ypoBHB  Kanecxsa  m  aKcnayaxauMOHHbix  cbomcxb  caap- 
Hbix  coeAMiieuMi^,  bosmoxgh  sa  cnex  BHeAPenun  Bbi- 
coKonpoM3BOAMxejibHbix  aAanxMBHbix  MMnyjibcHUXxex- 
HOAOXMM  CBapKM  M  cneuMaaM3MpoBaHHoro  oOopvAOBa-  j 
HUB,  ripoMSBoAMTe/ibHocxb  npopecca  noBbiiLiaexcB  b  j 
5... 6  pa3,  CHMXcaioxcB  xpeSoeauMB  k  KBaBMtJjMKapMM  i 
cBapiuMKa.  I 

AAanxMBHbie  MMnynhCHbie  npopeccbi  peannsyiox  Kop-  | 
pexxiipoBKy  BbiOpaHHoro  aaropMXMa  no  KananaM  o6-  : 
paXHblX  CBBSeM  B  aaBMCMMOCXM  ox  COCXOBHMB  oObGKXa 
ynpaBAeHMB  —  SAeiCXpOAMHaMMHeOKOM  CMCXGMbI  MC- 
XOMHMK  nMxaHMB-Ayra-CBapoHHaa  saHHa-soHa  csapHo- 
ro  coGAMHeuMB.  CxGMOxexHMMecKaq  peannsaunq  cmc- 
xeM  MMnyAbCHoro  nMxaHMfi  ocyiuecxBJiaexoB  nyxeM 
noAKBioBeHMq  AonoBHMxeAbHbix  6aokob  k  xnnoBOMy 
CBapoBHOMy  oOopyAOBaiiMio.  PaspaSoxannbie  MexoAa- 
MM  KoMnbwxepHoro  KOHCxpyHpoBaHMB  onxMMaabHbie 
aaropMXMbi  ynpan/ieuMB  sHeprexMnecKMMn  xapaKxe- 
pMCXMKaMM  npopecca  {/(f),  U^,  Ul)  no3BOABK)X  pe-  | 
aaMsoBaxb  xexHonoraHGCKMM  npoii,ecc  OAHOcxopoiiHeM  | 
MMnyBbCHO-AyrOBOM  CBapKM  KOpHeBbIX  aiBOB  O  (pOpMM'  ' 
posanMeM  o6paxHoro  Baanxa  Sea  AonoJinMxeabHbix  j 
noAKAapoK  M  Sea  noAoapKM  Msnyxpn  b  yracKMCAOM  ra- 
36,  a  xaKxce  noKpbixbiMM  SAeKxpoAaMM,  CxaSnabHooxb 
xaKoro  npou.ecca  cbc»pkm  oSycAOBanBaer  cxaSMAb- 
Hocxb  KanecxBa  cfjopMMpoBaHMn  csapnoro  liiBa,  koto- 
poe  onpeACPBioT  BpeMenHwe  napaMexpu  npouecoa  — 
Haoxoxa  kopotkmx  aaMbmanMM,  AAMxeAbHocrh  ropeuMB 
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and  local  precipitation-hardening  steels,  is  the  ability  to 
use  the  widely  accepted  Sv-08G2S  welding  wire,  shor¬ 
tening  of  the  time  for  welding  the  root  and  filling  passes, 
reduction  of  the  groove  cross-section  and  deposited 
metal  volume.  The  experience  of  production  trials,  how¬ 
ever,  has  revealed  a  number  of  disadvantages  related 
to  defects  in  welded  joints,  lacks-of-fusion  along  the 
edges  and  between  the  layers  due  to  instability  of  the 
welding  process,  and  continuous  change  of  the  weld 
pool  position  in  space.  The  above  disadvantages  can 
be  eliminated  by  providing  the  welding  process  energy 
parameters  constant  in  time,  or  varying  them  by  a  certain 
program. 

The  length  of  just  the  Russian  part  of  the  main  pipeline 
system  built  in  the  former  Soviet  Union  for  transportation 
of  natural  gas,  oil  and  their  processing  products,  is 
208,000  km,  with  predominantly  high-pressure  and 
large  diameter  (1220-1420  mm  )  pipelines.  Most  of  the 
main  pipelines  have  been  in  operation  for  a  rather  long 
time:  30  %  of  gas  pipelines  have  been  in  service  for 
more  than  20  years,  and  15  %  for  about  30  years,  Ma¬ 
intenance  of  the  pipelines  in  the  operable  condition  re¬ 
quires  performance  of  selective  scheduled  repair  of  sec¬ 
tions  with  critical  defects,  applying  effective  and  versa¬ 
tile  technologies  which  ensure  restoration  of  the 
strength  and  fatigue  life  of  a  defective  section  of  the 
pipeline  to  the  level  of  the  sound  section,  for  instance, 
by  the  composite-coupling  technology.  In  this  case  wel¬ 
ding  is  the  main  technological  operation  responsible  for 
the  quality  of  repair,  The  currently  used  manual  arc  wel¬ 
ding,  especially  for  long  couplings,  leads  to  consider¬ 
able  time  consumption,  and,  further  more,  the  repair 
quality  is  affected  by  welders'  skill. 

Further  progress  in  construction  of  the  main  pipelines 
ensuring  higher  rate  of  mounting  and  repair,  lowering 
of  the  v/elding  operations  cost,  while  providing  the  re¬ 
quired  level  of  quality  and  service  properties  of  the  wel¬ 
ded  joints,  is  possible  by  way  of  introduction  of  high-ef¬ 
ficient  adaptive  pulsed  welding  technologies  and  spe¬ 
cialised  equipment  for  their  implementation.  The  pro¬ 
cess  efficiency  increases  5  to  6  times  and  the 
requirements  to  welder’s  skill  are  lowered. 

Adaptive  pulsed  processes  provide  correction  of  the 
selected  algorithm  by  feedback  channels,  depending 
on  the  condition  of  the  controlled  plant,  namely  the  elec¬ 
trodynamic  systemi  of  the  power  source-arc-weld  pool- 
welded  joint  zone.  The  electric  circuitry  of  the  pulsed 
power  supply  systems  is  implemented  by  connection  of 
additional  modules  to  standard  welding  equipment.  The 
optimal  algorithms  of  control  of  the  energy  charac¬ 
teristics  of  the  process  (/(f),  t/arc.  fpeak,  Ul)  developed 
by  computer-aided  design  methods,  permit  conducting 
the  technological  process  of  single.-sided  pulsed-arc 
welding  of  the  root  welds  with  reverse  bead  formation 
without  additional  backing  or  backing  run  welding  from 
the  inside  in  CO2,  or  with  coated  electrodes.  The  stability 

of  such  a  welding  process  predetermines  a  stable  quality 

of  weld  formation  which  depends  on  the  time  parame¬ 
ters  of  the  process,  namely  short-circuiting  frequency, 
arcing  time  in  the  pulse,  time  of  the  molten  drop  hanging 
at  the  electrode  tip,  drop  size  and  uniformity  of  their 
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flyrn  B  MMnyjibce,  npoflonxnTeJibHOCTb  npe6b!BanMB 
xmakom  Kan/iM  na  aaeiapoAe,  paswep  KaneBb,  pasHO- 
MepHocTb  MX  nepenoca.  VKaaaHHbie  napaweTpbi  npo- 
uecca  MoryT  6biTb  oniMMMSMpoBaHbi  Ha  sTane  rexuo- 
/lorM'iecKOM  noAroTOBKM  nponaDOACTsa  a^i^  no/iyneHHB 
6e3Ae(})eKTHoro  CBapHoro  coeAMHeHMH. 

MCnOJlbSOBAHME  SCixUEKTA  CBEPXn/SACTMH- 
HOCTM  BblCTPOPEJKYmEM  CTAflM  RPM  CBAPKE 
TPEHMEM  BMMETA/IRMHECKMX  SArOTOBOK 
MET‘^MKOB.  5.  0.  CoBeneHKO,  R.  O.  Xasanon,  H.  A. 
AsapoB  (Ronmex.  yn-r,  r.ToMCK,  P0).  flpuMeHeHMe 
xpaAMAMOHHoPi  TexHoaorMM  CBapKM  jpeHMeM  npn  m3- 
roTOB/iGHMH  SuMGTaaanHecKMX  aaroTOBOK  mbthmkob  m3 
CTaaeti  wapox  P6M5  m  45  npiisoAHT  k  sHaHmeabHOMy 
Spaxy  (AO  30  %),  KOTopwii  BbiBBaaeTCH  npM  yAapnoivi 
KOHjpoae  nocae  oKOHMareabHOM  xepMMMecKOM  o6pa- 
6otkm  mbthukob.  BpaKCBaaaH  co6pa30BaHneME  cTbiKe 
6aeoTBLAMx  Koaen  CKoabxeHMB,  BosHMKaioiAMX  b  pe- 
syabTaxe  BbinapeHUB  caoxHwx  KOMnaeKCH!7ix  xapBuAoe 
(xpoMa,  MoanQAOMa  M  BonbctipaMa)  npHTewnepaTypax, 
paBHbix  0,8  T^^  cBapviBaeMoro  Mexaaaa. 
HcnoabsosaHMe  stJ^cpeKra  cBepxnaacxnHHocTM  Obicxpo- 
pexyipeM  cxanw  npn  CBapxe  xpeHweM,  KOXopbiCi  npoBBafi- 
exoB  npM  xewinepaxypax  HMx<e  xaKOBhix  cpaaoBbix  npeepa- 
lAOHHM,  noaBonaex  sHaai-ixeabHO  yaynujuxb  Kanecxso 
CSapHblX  COeAMHGHMM  riOBblUJeHMB  npOMHOCXM  M  HaASX- 
HocxM  CBapHoro  coeAMHeHMB  AocxuraexcB  sa  cnex  o6pa- 
30BaHMB  SaaroripMBXHOM  weaxoM  cxpyirrypbi  b  Mexanae 
aoHbi  coeAMHeHMBM  oxcyxcxBMB  6aecxHUj,MX  noaoc  cKoab- 
xeHMB,  BsaqioiMMxcfi  KOHpeHxpaxopaMM  HanpaxeMiw. 
MeaxaB  cxpyxxypa  b  aonecoeAMHeHMB  o6pa3yexcB  BcaeA- 
cxBMenpoxeKaHMB  BHeti  npn  onpeAsaeHHOMxeivinepaxYpe 
B  ycaoBMBX  naacxMHecKoro  Ao^opMupoBauMB  AnnaMM- 
HecKoro  Haxjiena  c  nocaeAyioiiteii  AMHarMUHecKoii  pexpuc- 
xanaM3au,Me£i,  B  peayabxaxe  AHHaMUHecKofi  pexpMcxaa- 
ansauMM  npoMcxoAMX  SHaMUxeabwoe  MaweabMeHMe  4)ep- 
pnxHoro  aepiia  b  6bicxpope>KyiAeM  cxaan  m  cxaaw  45.  Kpo- 
MB  xoro,  B  cxaaw  45  ocymecxeaBexca  AMHaMHHsoKaa 
peKpMCxaaaiiaauiMB  m  cctiepoMAMsauMB  naacxMHMaxoro  ue- 
MOHXMxa  B  nepaMxe,  b  peayabxaxe  aero  o6pa3yexcfi  mmk- 
pocxpyKxypa  sepuncxoro  nepairra.  CpeAHMM  AMaMexp 
aepHa  aenipoBaHHoro  tpeppuxa  b  aone  xepMMHecKoro 
BaMBHMH  6bicxpope>KyiueM  cXoBiM  P6M5  M  B  cxbixe  cocxae- 
aaex  1,4... 2,0  mkm,  a  co  cxopoHbi  cxaaw  45  cpeAHMfi  AM¬ 
aMexp  aepen  ct)eppMxa  m  nepanxa  paseH  MOHee  2,5  mkm. 
ripM  xaxoM  xexHoaoPMM  csapicM  noaHooxbra  MCxaio'iaexcB 
BepoBXHOcxb  B03HMKH0BeHMB  saKanoHHbix  cxpyxxyp  B  30- 

He  COGAMHeHMB,  MXO  nOSBOBBOX  OXMGHMXb  BblCOKOXSM- 
nepaxypHbiM  oxxnr  aaroxoBox  MexanxoB  nocae  csapxM. 
npeABoxeHHasi  xexHoaoxMB  cBapxM  6biaa  peaaMaoea- 
Ha  Ha  MaiiJHHexvina  k!-228,  cHadxoHHofi  annapaxypoM 
ynpaBaeHHB  cBapoMHbiM  pMxaoM  b  aaBMCMMocxM  ox 
xeMnepaxypbi  Harpeea  aoHW  cBapxM.  npoMSBOAUxeab- 
Hocxb  MaujMHb!  no3BoaHex  noayMaxb  aa  nac  paOoxbi 
140...  180  6MMexaaaMHecxMx  saroxoBox  wexHHXOB  am- 
aMexpoM  17  mm  npM  noaHOM  oxcyxcxBWM  6paxa. 

BMKOPMCTAHUn  flBOEJlEKTPOflHOrO  HAR/IAB- 
/1EHH5!  niA  ©JISOCOM  3  METOlO  RiABMlAEHHJI 
SIKOCTi  3BAPHMX  KOHCTPyKUIM.  5.  R.  Tarapm, 
B.  to.  MacTBHKo  (/lep>K-  rexH.  yn-r  iM.  I.  RymoB,  m.  Tep- 
Honirih,  yKpa'ihia).  BiixopMcxaHHa  apoxbhmx  eaexxpoAie 
npM  HanaaeaeiiHi  3  moxoio  HaneceHna  aaxMCHMX  nox- 
pMXxiB  {BXOMyMMcai  aHXMKopoaiMHoro,  cxiMxoro  Aocnpa- 
pionaHHB  xa  iHiH. )  aHaHHoio  Mipoio  oOMexene.  t^e  nos'paa- 
HO  3  HMSbXOlO  npOAYKTMBHiCXIO  PpOUeCy  I  BeAHXOH:)  Hacx- 


transfer.  This  set  of  process  parameters  can  bo  optimi¬ 
sed  at  the  stage  of  technological  preparation  of  produc¬ 
tion,  in  order  to  produce  a  sound  welded  joint. 


APPLICATION  OF  SUPERPLASTICITY  EFFECT  OF 
HIGH-SPEED  STEEL  IN  FRICTION  WELDING  OF  BI¬ 
METAL  BILLETS  OFTAPS.  B.F.Sovetchenko,  O.LKha- 
zarov,  N.A.Azamv  (Polytechnical  University,  Tomsk, 
Russia).  The  application  of  a  traditional  technology  of 
friction  welding  in  manufacture  of  bimetallic  billets  of 
taps  of  steels  of  R6M5  and  45  grades  leads  to  a  noti¬ 
ceable  rejection  (up  to  30  %)  which  is  revealed  at  an 
impact  inspection  after  the  final  heat  treatment  of  the 
taps.  The  rejection  is  made  because  of  formation  of 
glittering  rings  of  slipping  in  the  butt,  which  occur  as  a 
result  of  precipitation  of  complex  carbides  (chromium, 
molybdenum  and  tungsten)  at  temperature,  equal  to 
0.8  of  the  metal  being  welded. 

The  uTe  of  the  superplasticity  effect  of  the  high-speed 
steel  in  friction  welding,  which  is  pronounced  at  tempe¬ 
ratures  lower  than  those  of  the  phase  transformations, 
can  improve  significantly  the  quality  of  the  welded  joints. 
The  increase  in  strength  and  reliability  of  the  welded 
joint  is  attained  due  to  the  formation  of  a  favourable  fine 
structure  in  metai  of  the  joint  zone  and  absence  of  glif- 
tering  slip  bands,  being  the  stress  raisers. 

The  fine  structure  in  the  joint  zone  is  formed  as  a  result 
of  proceeding  the  dynamic  cold  working  with  a  next 
dynamic  recrystaiiization  in  this  zone  at  a  definite  tem¬ 
perature  under  the  conditions  of  a  plastic  deforming. 
The  dynamic  recrystallization  results  in  a  significant  re¬ 
fining  of  a  ferritic  grain  in  the  high-speed  and  45  grade 
steel.  In  addition,  the  steel  45  Is  remarkable  by  a  dyna¬ 
mic  recrystallization  and  spheroidizing  of  a  flaky  cemen- 
tite  in  a  pearlite,  thus  resulting  in  the  formation  of  a 
microstructure  of  a  grained  pearlite.  A  mean  diameter 
of  an  alloyed  ferrite  grain  in  HAZ  of  the  high-speed  steel 
R6M5  and  in  the  butt  is  1 .4-2.0  pm,  and  from  the  side 
of  steel  45  the  mean  diameter  of  grains  of  ferrite  and 
pearlite  is  less  than  2.5  pm. 

When  this  technology  of  v/eiding  is  used,  the  probability 
of  occurring  hardening  structures  in  the  joint  zone  is 
excluded  completely  that  makes  it  possible  to  eliminate 
the  high-temperature  annealing  of  tap  billets  after  wel¬ 
ding. 

The  offered  technology  of  welding  was  realized  in  the 
1-228  type  machine,  which  includes  the  equipment  for 
control  of  welding  cycles  depending  on  the  temperature 
of  the  welding  zone  heating.  The  machine  productivity 
provides  140-180  bimetal  taps  of  17  mm  diameter  per 
hour  at  a  complete  absence  of  rejection. 


APPLICATION  OF  TWIN-ELECTRODE  SUBMERGED- 
ARC  SURFACING  FOR  IMPROVEMENT  OF  QUAUTY  OF 
WELDED  STRUCTURES.  B.P.Tatarin,  V.Yu.Mastenko 
(ivan  Pulyui  State  Technical  University,  Ternopil,  Ukraine). 
Application  of  wrire  electrodes  in  surfacing  to  deposit  the 
protective  coatings  (including  anticorrosive,  wear- resistant 
and  other  coatings)  is  limited  to  a  certain  extent.  This  is 
explained  by  a  low  efficiency  of  the  process  and  a  large 
share  of  the  parent  metal  in  the  deposited  metal,  that  in- 
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KOK)  ocHonnoro  Meia/ty  b  Han/ias/ienowy,  mo  cyrreBO 
BnnuBae  na  BJiacTOBOcri  HarinaBJiSHoro  MeTa/iy, 

aMGHiueHHB  HaoTKM  ocHOBHoroMeTaJiy  B  HanBaBHeHO- 
My  flOBKi  flocJiiflHMKM  nponoliyKjTbfiRa  ochobhmx  cnoco6M 
flBOAyroBoro  HatinaB/ienHB.  nepuinti  no/iBrae  b  HanaaB- 
BenHi  OAHUM  flpoTBMMM  eBeKTpoflOM,  nmi>i  nifllrpinaeTbCB 
i  noflaeTbCB  b  piflKy  sBapioRaabHy  BaHHy,  a  flpyruM  —  b 
nan/iaD/ieHHi  flyroio  no6iMHoi  Alf-  SacTocyeaHHfi  pMx  cno- 
co6iB,  BK  npanw/io,  niABmuye  npoAyKTMBHicTb  npopecy, 
aBe  He  aaSeanenye  MiHiMaAbHo  HeoSxiAHe  nepeMiujyBaHHB 
ocHOBHoro Mexany  b  HaruiaBncuoMy,  oKpiMToro,  Mox/iMBe 
HenoBHe  cnBaB/iennB  HanBaaneHoro  wexaBy  a  ochobhhm. 
Bee  pe  HO  3a6e3ne'iye  Heo6xiAHo'i  axocxi  aaxHCHMX  noK- 
pMxriB  i  cyrxGBo  o6Me>!cyG  I'x  BHKopncxaHHB  b  npoMiicBO- 
BOCXl  npH  BHrOXOBBSHHi  3BapHHX  KOHCXpyKpifi. 

SMenLiJHXH  HacxKy  ochobhoxo  MexaBy  b  HanBaBBenoMy 
B  nosAHaHHi  a  MO>KBnnicxio  peryBioBaHHB  i'l'  b  Aocxaxtibo 
UJHpoKHX  Me>Kax  oAHOMacHO  ia  3a6e3neReiiHBM  bhcokoi 
npoAyKXMDHocxi  npopecy  moxoimbo  ujbbxom  noAaMi  b 
30Hy  ropiHHB  Ay™  AOAaTKOBoro  eBexxpoAHoro  Apoxy, 
niAKBioMeHoro  ao  Toro  w.  noBioca  A>KepGBa  xMBBeHna, 
um  H  OCHOBHHH  MOXaB.  flOAaXKOBMH  eBOKXpOAHHH  AP'T 

noAaexbCH  b  aony  AVrH  hk  nonepeAV  SBapioBaBbUoi  py- 
TH  B  nanpHMKy  HanBaBBeHHfi  (b  roBOBuy  HacxHuy  asa- 
piOBaBbHo'f  BanHM),  xaxi  noaaAV (BXBoexoBy  MMacxHHy). 
npoBGABHi  eKcriepMMeHXM  noKaaaBM,  mo  npH  nopani 
AOAaxKOBoro  eBeKxpoAHoro  APoxy  b  roBosHy  MacxHHy 
aaapioBaBbHo'i  BannM  saQeane'iyexbCH  xpame  epopwy- 
BanHB  HanBaBBenHX  BaBHidB  nopiBHOHO  a  Horo  nopaMeio 
B  XBoexoBy  HacxHuy.  Tax,  npH  HanBaBBSHHi  eBeicrpoA- 
HMMH  ApoxawM  AlawexpoM  5  mm  (ocHOBHoro  i  AOAax- 
KOBoro)  nip  cpBiocoM  MapicH  CPI4-I6  Ha  cxajib  BCx3cn 
Ha  pexHMi  =  600  A  ,  =  30  B  ,  =  35  M/roA,  v'k  = 

,  =  25  M/roA  reoMexpH'iHi  poaMipM  BanHxiB  y  nepaioMy 
BapIaHxi  cKBapaBH:  aiapMua  —  24  mm,  encoxa  — 
2,6  MM,  rBM6MHa  nponBaBBeHHB  — 3,5mm,  aacxKa  ochob- 
Horo  Mexany  b  HarinaBneHOMy  —  48  %,  a  b  APVroMy,  — 
BiAnoBiAHO  20,0,  3,0,  6,5  mm  xa  60  %. 

Ha  ocHOBi  GKonepHMeHxaBbHMX  pooBixenb  a  noASMeio 

eBeKxpoAHoro  APOTy  nonepeAy  aBaptoBajibnoi  BaHHH 

BOXaHOBBeHO,  mo  Ha  BKicXb  CpOpMyBaHHB  BaBHKlB  Ay*e 
BnBHBae  Miepe  xa  xyx  nopaMl  AOAaTKOBoro  eBeKxpoA- 
Horo  APOTy  i  npw  niAonmeHHi  npoAyxxHBHocxi  b 
1,5.. .2,0  paap  MoxHa  Aocqrxp  He  BPU.ie  peryBioBaHnq 
reoMGxppHHPX  poaMipie  b  iiippoKMX  Mexax  nanBaBBe- 
Horo  BaBMxa,  ane  i  cyrreBo  BnBPsaxH  na  nacxKy  ochob- 
Horo  MexaBy  b  HanBaBBenoMy,  qica  sMiiHOBanacq  Bip  10 
AO  60  %,  riiABHipiiXM  BKicxb  HanBaBBSHoro  MexaBy  i 
ana'iHo  3MeHiiJHXM  xoBipuHy  aaxHCHoro  noxpHxxq  npn 
36epGxeHHi  Bclx  neoSxiAHHX  BBacxHBocxeil. 

3AU411TA  KATOflHOrO  VS/IA  CBAPO'^HOtf  nVlUKH 
nPM  3XICB  HM3KOIVI  BAKVyME.  B.  O.  ToKapeB,  E.  H. 
PyMfiHLteB  (cppyn  HTIO  «TexHOMaui»,  r.  MocKsa,  P0). 
ripoSBOMa  aamuxbi  npH  aBeKxpoHHo-ByHeBoti  cBapKe 
(3/IC)  aneMeuxoB  KOHcxpyKpnn  KaxoAHoro  ysBa  ox  mh- 
xeHci/iBHoro  B03Aei1cxBnq  aapqxeHHux  aaoxHp  h  napoB 
MexaBBa,  a  xaioxe  yMOHbuueHMB  AonoBHHxenbHbix  no- 
xepb  aHeprt'iH  cBapoHHoro  Byna  na  xpacce  cBapMsae- 
Moe  M3AeBne-cBapoHHaB  nyuLixa  npH  cnnxeuHe  Baxy- 
yMa  —  Kpafuie  axxyaBbHa. 

Mcn0Bb3OBaHHGCBap0HHblX  nyPJeKCAMtpCpGpGHpMaBb- 
Hofi  oxKaHKOH  H  ABOMHoro  npeBOMBOHHB  Byna  He  bo 
Bcex  BaxcHbix  OByHaqx  oSecneHMBaex  scfxpexxHBHyio  aa- 
mHxy  Kaxopa  m  yMenbiiiei-me  noxepb  ypeBbHOH  Mom- 
HoexH  cBapoHHoro  Byna  npH  CHMXeHMM  Baxy'yMa. 


fluence  greatly  the  properties  of  the  deposited  metai. 
To  reduce  the  share  of  the  parent  metal  in  the  deposited 
metal,  some  researchers  suggest  two  main  methods  of 
the  twin-arc  surfacing.  The  first  method  consists  in  sur¬ 
facing  with  one  wire  electrode,  which  is  preheated  and 
fed  to  the  liquid  weld  pool,  while  the  second  method 
consists  in  surfacing  with  an  auxiliary  arc.  Application  of 
these  methods  Increases,  as  a  rule,  the  efficiency  of  the 
process,  but  does  not  provide  a  minimum-required  di¬ 
lution  of  the  parent  metal  in  the  deposited  metal  and, 
consequently,  a  partial  fusion  of  the  deposited  metal 
with  the  parent  metal  is  possible.  Ail  these  drawbacks 
do  not  provide  the  required  quality  of  the  protective 
coatings  and  limit  significantly  the  use  of  these  methods 
in  industry  for  the  manufacture  of  welded  structures. 
The  reduction  in  the  share  of  the  parent  metal  in  the 
deposited  metal  in  combination  with  a  feasibility  of  its 
control  within  the  wide  ranges,  that  provide.?  simultaneo¬ 
usly  the  high  efficiency  of  the  process,  is  possible  by 
feeding  an  auxiliary  electrode  wire  into  the  zone  of  an  arc 
burning,  This  wire  is  connected  to  the  same  pole  of  the 
power  source  as  the  parent  metal.  The  auxiliary  electrode 
v/ire  is  fed  to  the  arc  zone  both  ahead  of  the  welding  arc 
in  the  direction  of  melting  (to  the  head  part  of  the  weld 
pool),  and  also  behind  the  welding  arc  (to  its  tail  part). 
The  experiments  showed  that  during  feeding  the  auxili¬ 
ary  electrode  wire  to  the  head  part  of  the  weld  pool  the 
better  formation  of  the  deposited  beads  is  provided  as 
compared  with  its  feeding  to  the  tail  part.  Thus,  when 
surfacing  with  electrode  wires  of  5  mm  diameter  (main 
and  auxiliary)  using  the  flux  of  FTs-16  grade  on  steel 
BSt3  (killed)  at  the  condition:  1^  =  600  A,  =  30  V, 

^awf  '4  ”  geometric  sizes  of 

beads  in  the  first  version  were:  width  =  24  mm,  height 
=  266  mm,  depth  of  penetration  —  3.5  mm,  share  of 
the  parent  metal  in  the  deposited  metal  —  48  %,  while 
in  the  second  version  they  were  20.0,  3.0,  6.5  mm  and 
60  %,  respectively. 

It  was  established  on  the  basis  of  experimental  investi¬ 
gations  with  a  feeding  of  the  electrode  wire  ahead  of 
the  welding  pool  that  the  location  and  angle  of  feeding 
the  auxiliary  electrode  vrire  influence  greatly  the  quality 
of  the  formation  of  beads  and  at  the  increase  of  the 
efficiency  1. 5-2,0  times  it  is  possible  to  attain  not  only 
the  control  of  geometric  sizes  within  the  wide  ranges  of 
the  deposited  bead,  but  also  to  influence  the  share  of 
the  parent  metal  in  the  deposited  metal  which  varied 
from  to  to  60  %,  to  improve  the  quality  of  the  deposited 
metal  and  to  decrease  significantly  the  thickness  of  the 
protective  coating,  preserving  all  necessary  properties. 

PROTECTION  OF  A  CATHODE  UNIT  OF  WELDING 
GUN  IN  LOW-VACUUM  EBW,  V.O.  Tokarev,  E.N.Rumy- 
antsev  (NPO  «Tekhnomash»,  Moscow,  Russia),  The 
problems  of  protection  of  elements  of  a  cathode  unit 
during  the  electron  beam  welding  (EBW)  from  the  in- 
I  tensive  action  of  charged  particles  and  vapours  of  metal 
and  also  of  a  decrease  in  additional  losses  of  energy  of 
a  welding  beam  in  the  route  "workpiece  to  be  welded 
—  welding  gun"  during  decrease  in  vacuum  are  rather 
actual. 

The  application  of  welding  guns  with  differential  evacu¬ 
ation  and  a  double  refraction  of  beam  does  not  provide 
in  all  important  cases  the  effective  protection  of  the 
cathode  and  decrease  in  losses  of  a  specific  capacity 
of  the  welding  beam  during  the  decrease  in  vacuum. 
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npOCTpaUCTBO  MBA  CBapOMHOM  BaHHOM  sanoAneHO 
CMeCbK),  COCTOBlAeil  M3  KBaaMHeMTpanbHOM  XOBOAHOM 
ruiasMbi,  «nepeMe!jjaHHOM>>  c  napaMii  MeiaBiia.  Coc- 

TaBJIBKJIAMe  STOii  CMeCM  OTBMMaiOTCB  BeKTOpaMM  CKO- 
pocTM  V^,  a  MX  KOHueHTpauMB  MMeex  npocTpaHCToeH- 
Hoe  pacnpeAsxieHMe  P,  KOTopoe  b  nepsoM  npM6/iM- 
>CeHMM  OPMCblBaeTCB  SaKOHOM  cos". 

UsMeHeHMe  SMaMeHMB  n  Hanpae/ieHMB  BeicropoB  mbm 
MSMeneHMe  npocTpaHCTsei-iHoro  pacnpeAeaeHMB  P, 
MBM  OAHOBpeMeHHoe  M3MeHeHMe  yKa3aHHbix  napaweT- 
POB  CMeCM  AaeT  BOSMOXHOCIb  npi'l6AM3MTbCB  K  peuje- 
HMio  nocTaBaeHHOM  npo6aeMbi. 

YKasannbie  o6cTOf!TeabCTBa  nocayxMBM  ochobom  ana 
pa3pa6oTKM  H  npaKTMBecKOM  peaBHaapMH  ycTpoiicTBa, 
o6eoneMHBaioi4ero  saiuuTy  KaxoAHoro  ysBa  ox  napos 
Mexanaa  m  aapaxeHHbix  hocxma  npH  3J1C.  Bbiaexaio- 
u\Me  M3  csapoMHOM  BaHHbi  ixapbi  Mexaaaa  m  sappxeH- 
Hb!e  MacXMpbi  nonaAarox  b  30Hy  abmcxem^  ycxpoi^cxBa 
aaiAHXbi  (VS).  Bexxop  CKopocxM  mx  abhxoumb  MSMeHB- 
excB  no  SHaqeHMio  m  Hanpae/ieHiiio,  riocxeneHHo  xpa- 
eXXOpMM  MXABMXBHMB  MSnpeMMyiHeCXBOHHOJIMHeMHblX 
cxaHOB^xcB  KpyroBbiMM,  a  saxoM,  no  Mepe  «yray6jie- 
HMR»  B  30Hy  AeMCXBMB  VS,  — cnMpajieo6pa3HbiMM.  ripn 
ABMxenMM  no  cnMparieo6pa3HbiM  xpaeCTopMBM  ct^op- 
MMpyioxcB  «crycxKM»  Beui,ecxBa,  CKopocxb  Koxopbix  b 
npoAOBbHOM  (k  KaxoAV)  HanpasaeHMM  yMeHhiuaexcfi. 
3X0  Bbi3biBaex  AonoBHMxe/ibHoe  oceAanne  napoB  we- 
xaxiaa  Ha  cxeHKax  VS  m  cxMMyaMpyex  npopeccbi  3.neK- 

XpOHHO-MOHHblX  BSaMMOAeMCXBMM. 

OAHOBpeMGHHo  npoMoxoAMX  cenapauHB  aapaxeHHbix 
MacxMAnponopAMOHanbHO  MXsHeprMBM  m  waccec  noc- 
AeAVtoiAGM  HacxMMHOM  HeMxpa/iMaanMGM  m  ocaxASHH- 
ew  Ha  cxGHKax  V3. 

npMMeHeHM8  ycxpoMCXBa  saiAMXbi  odecneMnsaex  no- 
naAaHMe  na  KaxoA/iMuib  He6oJibLuoro  xoaMMecxsa  Bbi- 
coKooHeprexMMHbix  aappxeHHbix  wacxMui  n  cHuxeHHe 
noxepb  Mou^HocxH  saoKxpoHHoro  CBapoMHoro  ayna  Ha 
18. ..20  %  npw  npoxoxAenMM  ero  cicBosh  cMecb,  coc- 
xoBiAyto  m3  napoB  Mexa.naa  m  aapaxeHHbix  HacxMA,  npM 
AaBaeHMM  b  CBapoHHOM  xaMepe  6,65  Ha. 

COCTAB  nOKPbITMSI  fl/lS!  SALUHTbi  HOBEPXHOC- 
TM  CBAPUBAEMblX  OT  BPbISr  PACH- 

/lABJIEHHOro  META/IJIA  HPH  CBAPKE  B  Yf/IE- 
KdCJnOM  rA3E,  K.  M.  ToMac,  C.  5.  CanoxKOB,  B.  T. 
0eflbKo  (0n/inafi  Tom.  nonmex.  yn-Ta,  r.  tOpra,  P0). 
Oahmm  M3  ocHOBHbix  HeAocxaxKOB.  cnocoScxByraiAMX 
CHMxenMio  3({)4)eKXMBHocxM  npMMGHeHMfl  cBapKM  B  yr- 
aoKMoaoM  rase,  BBBBexcH  siiaMMXeabHbiM  yrap  m  pasO- 
pbiaxMBaHMe  BaexxpoAHoro  wexaaaa.  3xoyae.nMHMBaex 
pacxoA  MaxepMaaoB  m  yweHbiuaex  npoMSBOAMxeab- 
Hocxb  xpyAa.  T pyAoeMKocxb  aaMMCXKM  1  nor.  m  aisa  ox 
npMBMnujMX  K  M3AeaMto  6pbi3r  cocxaeaBox  30. ..40  % 
xpyAoeMKOcxM  Bcero  npopecca  CBapxM. 
flnn  aaLAMXbi  noBepxHocxM  cBapMsaeMbix  MSAoaMM  ox 
6pbi3r  npM  CBapxe  b  yraoKMcaoM  rase  npMMSHBtox  pas- 
BMMHbie  COCXaBb!  aaiAMXHWX  nOKpblXMM.  Ha  OCHOSaHMM 
npOBeAOHHblX  MGC/ieAOBaHMM  aaiAMXHblX  nOKpWXMlI 

6biB  CAeJiaH  buboa,  hxo  HaMayBiUMe  xexuoaorMHecKMe 
CBOMCxea  m  HaHMSHbUjee  BaMBUMo  Ha  saeKxpMBecKMe, 
xexHO/iorMHecKMe  m  caHMxapHO-rMrMeuMHscKMe  xapax- 
xepMcxMKM  npouiecca  csapKii  mmgiox  noxpbixMs;  Ha  ocho- 
BG  BOAHoro  pacxBopa  cyBbcjjMXHo-cnMpxoBOM  6apAbi. 
AsxopaMM  pa3pa6oxaH  cneAyroiAMM  cocxae  aaiAMXHoro 
noKpbtxMB,  r:  cyab(})MXHo-cnMpxoBaq  dapAa  —40.. .50, 
Ka/ibAMHMpoBanHaFi  coAa  —  30. ..40,  Aexf'-TpMH  — 


Spacing  over  the  weld  pool  is  filled  with  a  mixture,  which 
consists  of  a  quasi-neutral  cold  plasma  mixed  with  metal 
vapours.  Constituents  of  this  mixture  are  characterized 
by  vectors  of  rate  t/^and  their  concentration  has  a  spatial 
distribution  P  which  is  described  by  a  law  of  cos"  in  the 
first  approximation. 

The  change  in  value  and  direction-of  vectors  YjOr  change 
in  the  spatial  distribution  P  or  a  simultaneous  change  in 
the  mentioned  parameters  of  the  mixture  gives  a  feasi¬ 
bility  to  come  closer  to  the  solution  of  the  problem  put 
forward. 

Ttie  above-mentioned  circumstances  served  a  basis  for 
the  development  and  practical  realization  of  the  device 
which  will  providethe  protection  of  the  cathode  unitfrom 
the  metal  vapours  and  charged  particles  during  EBW. 
The  metal  vapours,  evolved  from  the  weld  pool,  and  the 
!  charged  particles  enter  the  zone  of  action  of  the  pro- 
!  tection  device  (PD).  The  vector  of  their  movement  is 
!  changed  in  value  and  direction,  The  paths  of  their  mo- 
!  vement  changed  gradually  from  linear  to  circular  ones 
mainly,  and  then  on  "deepening”  to  the  zone  of  PD 
action  they  become  spiral-shaped.  During  movement 
along  the  spiral-shaped  paths  the  “clusters”  of  subs¬ 
tance  are  formed  whose  rate  in  the  longitudinal  direction 
(to  the  cathode)  is  decreased.  This  causes  the  additional 
precipitation  of  metal  vapours  on  the  PD  walls  and  sti¬ 
mulates  the  processes  of  electron-ion  interaction. 
Simultaneously,  the  separation  of  charged  particles  in 
proportion  to  their  energy  mass  is  occurred  with  a  next 
partial  neutralizing  and  precipitation  at  the  PD  wails. 
Application  of  the  protection  device  provides  the  mini¬ 
mum  precipitation  of  high-energy  charged  particles  at 
the  cathode  and  reduces  the  losses  in  capacity  of  the 
electron  welding  beam  by  18-20%  at  its  passing  through 
the  mixture  which  consists  of  metal  vapo  urs  and  charged 
particles  at  the  6.65  Pa  pressure  in  the  welding  chamber. 


COMPOSITION  OF  COATING  FOR  PROTECTION  OF 
SURFACE  OF  PRODUCTS  FROM  MOLTEN  METAL 
SPATTERS  IN  CO^  WELDING.  K.l.Tomas,  S.B.Sapoz- 
hkov,  V.T.Fedko  (Division  of  the  Tomsk  Polytechnical 
University,  Yurga,  Russia).  Among  the  main  drawbacks, 
a  noticeable  smoke  and  electrode  metal  spattering  can 
be  outlined  that  contribute  to  a  decrease  in  an  effecti¬ 
veness  of  using  the  CO^  welding.  This  increases  greatly 
the  consumption  of  materials  and  decreases  the  labour 
productivity.  The  labor  content  for  cleaning  of  1  linear 
meter  of  weld  from  spatters,  sticked  to  the  workpiece, 
is  30-40  %  of  the  labour  content  of  the  whole  welding 
process. 

To  protect  the  surface  of  workpieces  being  welded  from 
spatters  during  the  CO2  welding,  the  different  compo¬ 
sitions  of  protecting  coatings  are  used.  As  a  result  of 
investigations  of  protective  coatings,  the  conclusion  has 
been  made  that  the  coatings  on  the  base  of  a  water 
solution  of  a  sulphite-alcohol  malt-residue  have  the  best 
technological  properties  and  the  least  effect  on  electric, 
technological  and  sanitary-hygienic  characteristics  of 
the  welding  process. 

The  authors  have  developed  the  fol!ov/ing  composition 
of  the  protective  coating,  g:  sulphite-alcohol  malt-resi¬ 
due  40-50:  soda  ash  — 30-40;  dextrin  — 80-1 00;  waste 
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CBAPHblE  KOHCTPyKUMM _ 

80...  100,  OTXoflbi  aSpaanBHoro  nponsBOflcTBa  (rep- 
MocTofiKuti  HanojiHureab)  —  100... 150  m  1  n  boau. 
Ucc/ieAOBanHH  TexHOJiorMHecKMX  cbomctb  hobopo  nox- 
pbiTMs?  noxasann,  hto  oho  oOecneMHBaei  xopoujyio 
CMaHHBasMOCTb  nOBepXHOCTH  CBapHSaeMblX  M3Ae/1MH. 
Ymbi  cMaMMBaHMH  c/iGAytounne:  cja/ib  8  coctobhmh 
nocraBKH  — (42,4±5,7)';  necKocrpyiiHHaH  noeepxHocTb 
—  (45,7±6,3)';  iiiaM4>oBaMHaB  noBopxHocTb  — 

(38,3±7,2)';  noBepxHOCTb  co  cMaaKOH  — -  {19,2.+4,8)'. 
UCC/tGAOBaHUeTepMOCTOtlKOCTM  HOBOrO  nOKpbITMH  no- 
KaaaAo,  hto  oho  oTAiiHaeTCB  AOCTaroHHOM  TepwiocTOH- 
KOCTbio,  npeoBTCTByioLueH  npMAHnanHK)  6pbi3r  pacn- 
AaBAeHHoro  MejaAaa  k  noBepxnooTH  H3AeanB  b  pe- 
ayjibTate  bbsaghhb  otxoaob  a6pa3MBHoro  npoMSBOA- 
CTBa  B  KanecTBe  TepMocTOHKoro  HanoBHMTeaB. 
TenjioTa  cropaHMfl  HasecKH  yroab  +  hoboo  noKpbiTHe 
paBHa  25,549  Mflxc/Kr, 

Pa3pa6oTaHHbiM  cocTaa  aaiUMTHoro  noKpbiTMB  He  oxa- 
3biBaeT  cymeoTBeHHoro  bhhbhhb  na  oTa6MJibHocTb 
npoi.iecca  csapxH.  noTepw  weTa/iaa  na  yrap  m  pa35- 
pbi3rnBaHne  npH  cBapxe  c  HOBhiM  noxpbiTneM  cocTan- 
HBioT  22. ..27  %. 

ycTaHOBaeHO,  hto  pa3pa6oTaHHbiM  cocTas  aatuHTHoro 
noxpbiTMq  npM  cnapxe  BbiAeaqeT  spsAHbix  semecTB  ro- 
pasAo  MeHbLue,  new  npoAycMOTpeHo  npeAeabHO  ao- 
nyCTHMblMH  HOPMBMH  BO  BCGM  AHanaBOHe  peXMMOB 
cBapxn. 

HoBoe  noxpbiTHG  Aerxo  HaHocuTcq  na  noBopxHocTb 
CBapMBaeMbix  He  ocbinaeTca  npii  Tpancnop- 

THpoBxe  n  jierxo  yAanaeTCB  nocae  csapxM  MeTaanw- 

HeCXOfi  lAETKOft. 

KoMnoHSHTbi,  BXOABiAMe  B  cocTaB  paapaOoTaHHoro 
noxpblTHB,  He  AecfiHUMTHb!  M  MMeiOT  HeSoabUJyiO  CTOH- 
MocTb.  TexHoaoTHB  npHroTOBaeHMB  hobopo  noxpbiTMB 
npocTa,  He  TpeOyeT  cneunaahHbix  naBbixoB  h  Aoporwx 
ycTpoiioTB. 

PA3PABOTKA  flByX3/lEKTPOAHOM  CBAPKM  TIG 
C  BJIEKTPOMArHMTHblM  ynPAB/IEHMEM  PACH- 
/lABJIEHHOPi  BAHHOM.  /O.  cpyflxwra  (CeapoH.  tbxh. 
o-Bo,  r.  Toki/io,  PnoHm),  K).  MaHa6e,  C.  Sem/traHU, 
C.  YpaKaea  (cpi^pMa  ^Mitsubishi  Heavy  industries», 
r.  XupocviMa/ToKuo,  BnoHna).  B  P0pn3OHTaabHOM  no- 
aoxeHMM  PtOA  BaHBHMew  cwa  ppaBiiTaAHM  cBapoHHbiM 
BaaHX  oTxaoHqeTCB,  cTaHOBscb  BHcaaiMM,  Sra  npo6- 
aewa  oosAaeT  TpyAwocTH  npH  BbinoaHeHHM  popMsoH- 
TaabHOM  cBapxM  c  Bbicoxoil  cxopocTbXJ  HanaaBXM.  A^b 
ee  paapeiiieHHB  aBTopbi  npsAaapaioT  xoHuenuMc  cea- 
poHHOPO  npopecca  c  aaexrpoMapHUTHbiM  ynpaeaeHH- 
ew  pacpiaasasHHOM  eaHHofi,  npii  xoTopoM  npn  piomolam 
HanpaBaeHHOH  Bsepx  aaexTpoMaPHMTHOM  cMaw  xoht- 
poanpyioTcq  piotox  pacnaasnenHOPO  MeTaaaa  w  cpopMa 
BanMxa. 

ripeAaapaeTcq  paccMOTpeHMe  AByxaaexrpoAHoti  caap- 
XM  TIG  c  saexrpoMaPHHTHbiM  ynpaeaeiiHeM  paonaas- 
aeHHOM  BatiHOM.  flea  ycTpoHCTsa  pioaghm  npoBoaoxH 
noAxaioHaioTCB  nocaeAosaTeabHO  x  ncTOHiinxy  nappe- 
ea,  npM  stom  oAna  npoBoaoxa  BCTaBaaoTCB  nepeA  AV- 
poii,  a  BTopafl  — 33  Ayroii,  HappcBaKsiuHvi  pipoBoaoxy 
Tox  npoTexaeT  b  cBapoHHyio  Banny  wexAy  npoBoaoica- 
MH,  M  MaPHHTHoe  noae,  nepecexaioiAee  pioa  npawbiM 
ypaoM  noTOXToxa,  naBOAMTcq  na  pacnaaBaennyKj  Ban- 
Hy.  HanpaBasHHaa  SBepx  CHaa,  cosAaBaewaa  b  pacn- 
aaeaeHHOM  Baiine,  yaynuiaeT  cpopMy  Banuxa  tuaa.  Tox 
Happeea  npoBoaoxn  noBbiaiaeT  cxopocTb  nanaaBXH  b 
pesyabTaTe  nappeoa  AXoyacBbiM  TenaoM. 


of  abrasive  operation  (thermoresistant  filler)  — 100-1 50 
per  liter  of  water. 

The  study  of  technological  properties  of  the  new  coating 
showed  that  it  provides  a  good  wettability  of  the  surface 
of  workpieces  being  welded,  The  angles  of  wetting  with 
a  new  coating  are  as  follows:  as-delivered  steel 
(42. 4+5.7)";  sand-blasted  surface  (45.7+6.3)’;  surface 
after  grinding  (38.3  ±7.2)";  surface  with  a  grease 
(19.2±4.8)'.  The  examination  of  heat  resistance  of  the 
new  coating  showed  that  it  is  characterized  by  a  suffi¬ 
cient  heat  resistance  that  prevents  sticking  of  spatters 
of  the  molten  metal  to  the  workpiece  surface,  if  to  add 
the  waste  of  an  abrasive  operation  as  a  heat-resistant 
filler.  The  heat  of  combustion  of  a  coal  +  new  coating 
sample  Is  25.549  MJ/kg, 

The  developed  composition  of  the  protective  coating 
does  not  influence  greatly  the  welding  process  stability. 
Metal  lo.sses  for  a  smoke  and  spattering  in  welding  using 
the  new  cording  is  22-27  %. 

It  was  established  that  the  developed  composition  of 
the  protective  coating  evolve  much  less  harmful  subs¬ 
tances  than  it  is  envisaged  by  admissible  limits  within 
the  whole  range  of  the  welding  conditions. 

The  new  coating  is  deposited  easily  on  the  surface  of 
workpieces  to  be  welded.  It  does  not  discharge  during 
transportation  and  is  easily  removed  after  welding  with 
a  metallic  brush. 

Components,  included  into  the  composition  of  this  co¬ 
ating,  are  not  sparse  and  expensive.  Technology  of  pre¬ 
paration  of  the  new  coating  is  simple  and  does  not  re¬ 
quire  a  special  skill  and  expensive  devices. 


DEVELOPMENT  OF  2  WIRES  TIG  WELDING  WITH 
ELECTROMAGNETICALLY  CONTROLLED  MOLTEN 
POOL  PROCESS.  Y.FuJita,  Yu.Manabe,  S.Zenitani, 
S.Urakawa  (JWES,  Tokyo,  Japan,  Mitsubishi  Heavy  In¬ 
dustries,  Hiroshima/Tokyo,  Japan).  In  horizontal  positi¬ 
on,  due  to  gravity,  the  weld  bead  is  deviated  and  beco¬ 
mes  suspended.  This  problem  causes  difficulties  in  ho¬ 
rizontal  welding  at  a  high  rate  of  deposition,  For  its  so¬ 
lution  the  authors  suggest  the  conception  of  the  welding 
process  v/ith  an  electromagnetic  control  of  the  molten 
pool,  during  which  the  flow  of  the  molten  metal  and  bead 
shape  are  controlled  with  the  upward  electromagnetic 
force. 

Two-wire  TIG  welding  with  an  electromagnetic  control 
of  the  molten  pool  is  considered.  Two- wire  feeding  units 
are  connected  in  series  to  the  heat  source.  Here,  one 
wire  is  fed  in  front  of  the  arc,  while  the  second  wire  is 
fed  at  the  rear  of  the  arc.  Current,  which  heats  the  wire, 
is  passed  to  the  weld  between  the  wire,  and  the  magnetic 
field,  which  crosses  the  current  flow  at  a  right  angle,  is 
induced  to  the  molten  pool.  The  upward  force,  genera¬ 
ted  inside  the  molten  pool,  improves  the  weld  bead  sur¬ 
face.  The  wire  heating  current  increases  the  rate  of  de¬ 
position  as  a  result  of  Joule  heating. 

During  tests  the  welding  process  was  stable  at  high 
rates  of  deposition  (100-150  g/min).  Bead  shape  was 
significantly  improved  in  proportion  to  the  magnetic  in¬ 
duction.  Weld  with  V-shaped  edge  preparation  was 
made  on  .stainless  ciad  steel  at  high  rates  of  deposition 
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B  xofle  ncnbiraHMM  npoLj,ecc  ceapKii  6un  CTa6i'inhHbiM  j 
c  BbicoKMMU  cKopocTqMH  HanjiaBKM  (100... 150  p/mhh).  j 
Oopwa  Banmca  sHaMMTe/ibHO  -yiiyHuieHa  nponopnwo-  j 
HanbHo  MarHUTMod  HHflyKij,i-iM,  CsapHoii  ujob  c  V-oO-  j 
pasHOM  pasfleBKOM  KpoMOK  BbinoaHBTiM  Ha  Hepxasero-  j 
mePi  naaKMpoBaHHovi  cia/in  m  npn  BbicoKwx  cKopocxax  j 
HanaaBKM  (^100  r/MHH).  Bunn  noiiy-ienbi  xopoiuee  j 
npon;iaB/ieHMe,  r;iaflKnPi  saxiHK  h  KaMecTBeHHoe  ceap-  { 
Hoe  coefli'iHSMHe.  Docae  bthx  ncnbiraHMH  CBapoHHbm 
npouecc  c  saeicrpoMarHHTHbiM  ynpaB/ieMMeM  pacn/iaB- 
/leHKofi  BanHOM  naiue/i  npiiMeneHHe  npn  HsroTOBBeHMi'i 
KpynHora6apnTHbix  KOHCTpyKUHM,  14e/iecoo6pa3HocTb 
npoLiecca  Obiaa  noxiTBepxAena  ycneiuHbiM  bicnoBbso- 
BaHweM  B  npOMbltlJJieHHOC™, 

HAfiKA  BblCOKOJIErSiPOBAHHblX  HMKEXlEBblX 
cn/iABOB  c  McnojibaoBAHMEM  AvroBoro  HAr- 

PEBA.,  B,  0.  XopyHOB,  C.  B.  MaKCMMOBa,  M.  B,  Bbo/wh- 
cmH,  M.  C.  CaMoxm  (Mh-t  eneKipocsapKH  mm.  B.  O. 
riaTOHS,  r.  Kmbb,  VKpanHa).  Ochobhum  cnocofioM  pe- 
MOHTa  jionaroK  raaoiypOMHHbix  peMraTeiieii  nocjie 
/iHTb«  n/iw  BbipadoTKM  onpefleaeHHoro  pecypca  bbbb- 
ercB  naPiKa  b  BaxyyMHoPi  nenn  {o6bmHo  c  pap,MannoH- 
HbiM  HarpeBOM  Bceii  flexaBH)  —  c/ioxHbw,  floporofi  w 
Ma/ionpoHsnoflbiTeabHbiPi  npouecc.  Bonee  npHB/iexa- 
Te/ibHbiM  B  aroivi  oTHomeHHM  BEnneTCB  flyroBoCi  Harpes 
Hen/iaBBiUHMOB  aneicrpoflOM  b  HuepTHOM  rase  c  ao- 
KaabHOM  HBM  o6meM  aaaiMToPi  HarpesaeMoro  ysacTKa. 
Kax  MSBecTHO,  pyroBaa  osapKa  BbicoKoaerHpooanHbix 
HHKeaeBbix  cnaaBoo  (c  doabmwM  KoaMMeciBOM  g-ct>a- 
3bi)  He  AocTiirna  sHaMHTeabHbix  ycnexoB.  (lonbiTKH  hc- 
noabBOBaxh  b  KanecTBe  npMcaAKM  npwnoH  c  xpaAH- 
UHOHHbiMM  AenpecoaHTaMH  xaioice  He  npiiHecaH  no/io- 
XMxeAbHbix  pesyabxaxoB.  ABXopaivibi  nocaeAosana  bo3- 
MOXHOCXb  npMMGHeHMSI  A^lfl  3THX  UGAePi  HHXeneBblX 
npbinoeB,  XAe  b  KanecxBe  AenpeccaHXOB  npHMeHaancb 
SAevieuxbi  IV  rpynnbi  nepnoAHMecKOM  CHCxeMbi  (Zr,  Hf, 
TiHAP-)- 

3xh  npunoH  npbi  KanMA.nBpHOH  saKyyMHOw  nanxe  hh- 
xeneBbix  cnnaBOB  ofiecneMMsarax  noByneHHe  coeAWHe- 
HMpi  CXaponpOHHOCXbtO,  OaMSKoR  KXaXOBOW  OCHOEHOrO 

MexaAAa,  Taxxe  xopomo  ohh  sapexoMeHAODaBH  ceOn 
npw  peMOHxe  siieMeHxoB  ra3oxyp6MHHbix  ASbiraxGAePi 
c  ncnoAb30BaHneM  AyroBoro  narpeBa  b  BaxyyMe  h  cbs- 
xoAyBeeoro  Harpeea  b  aproHe.  CooxaB  npwnoeB  Sun 
Bbi6paH  c  ynexoM  ycAOBWM  aprcuo-Ayroeoro  HarpeBa. 
SKcnepHMeuxbi  no  peMOHXHon  naiiKR  HCKyccxaeuHO  co3- 
AanHfaix  M  peanbiibix  xexHOAorM'iecKMx  AectieiaoB  Ha  ao- 
naxKax  aBnaui/ioHnwx  n  cyAOBbix  raaoxypfiiiHHbix  A0nra- 
xeAeCi  H3  cnAaeOB  XC-6y,  MC-70,  4C-88  h  iN-733  LC 
(KOAMMecxBo  /-(pasbi  35, ..60  %)  ocyLuecxB.nBAn  Ha  bos- 
Ayxe  c  HcnoAhsoBaHueM  aproHO-AVroBoro  Harpesa,  B 
Kanecxse  npi-tcaAOBHoro  MexaAAa  Bbi6panbi  AMXue  npyx- 
KM  HMKeAeBbix  npHnoBB  AnawexpoM  3  mm,  AenpeccaH- 
xaMH  B  HHx  6biAn  Ti,  Zr  M.AH  Hf.  HayraAM  BOSMOxrHocxb 

HCnOAbSOBaHWH  KOMnO3HHH0HHblX  npHHOeB,  B  KOXOpbIX 
B  Kanecxee  BUCOKoxeMnepaxypHOM  4)a3bi  McnoAbsoBaAH 
nopouJKM  x-caponpoMHbix  HHxeAeBbix  cnnaBOB. 

B  xoAe  sKcnepuMeHXOB  no  AyroBoti  nawKe  xaponpoH- 

HhlX  cnaaBOB  HOCAeAOBaAH  BAHBHl-ie  Ha  XpeiUMHOCXOH- 
Kocxbxoica  (40.. ,260  A),  xeMnepaxypbi  npeAsapMxeAb- 
Horo  noAorpeoa  (100... 600  ’C) ,  xoAU^HHbi  MexaAAa  ao- 
naxKH  HaysaoxKe  peMOHxa  (2, 5. ..40  mm),  ct)opMbi  m  pas- 
MepoB  Ae4>eKxa  (noBepxHocxHbie  yrAyOAeuMB 
AHaMexpoM  5. .,25  mm,  rAy6nHOM  5.. .10  mm,  CKBoaHue 
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(1 00  g/min,  approximately).  A  good  penetration,  smooth 
bead  and  quality  welded  joint  were  obtained.  After  these 
tests  the  welding  process  with  an  electromagnetic  con¬ 
trol  began  to  be  used  in  manufacture  of  large-sized 
structures.  The  advantages  of  the  process  were  confir¬ 
med  by  its  succes.sful  application  in  industry, 


BBAZING  OF  HIGH-ALLOYED  NICKEL  ALLOYS 
USING  ARC  HEATING.  V.F.Khorunov,  S.V. Maksimova, 
I.V.Zvolinsky,  M.S.Samokhin  (E.O.  Baton  Electric  Wel¬ 
ding  Institute.  Kyiv,  Ukraine).  The  main  method  of  repair 
of  the  gas  turbine  engine  blades  after  casting  or  definite 
I  service  life  is  brazing  in  a  vacuum  furnace  (usually  with 
j  a  radiation  heating  of  the  whole  component)  which  is  a 
j  complicated,  expensive  and  low-efficient  process.  The 
I  arc  heating  with  a  non-consumable  electrode  in  inert 
I  gas  with  a  loca!  or  common  protection  of  the  region  to 
be  heated  is  more  attractive  in  this  respect, 

As  is  known,  the  arc  welding  of  high-alloyfed  nickel  alloys 
(with  a  large  amount  of  y-phase)  did  not  attain  great 
achievements.  Attempts  of  using  brazing  alloys  v/ith  tra¬ 
ditional  depressants  as  fillers  did  not  give  the  positive 
results  either.  The  authors  have  investigated  the  feasi¬ 
bility  of  application  of  nickel  brazing  alloys  for  these 
purposes,  where  the  elements  of  IV  group  of  the  Periodic 
System  (Zr,  Hf,  Ti,  etc.)  were  used  as  depressants. 
These  brazing  alloys  in  a  capillary  vacuum  brazing  of 
nickel  alloys  provide  the  joint  with  a  heat  resi-stance  close 
to  that  of  the  parent  metal.  They  also  gave  good  results 
in  the  repair  of  elements  of  gas  turbine  engines  using 
the  arc  heating  in  vacuum  or  light-beam  heating  in 
argon.  Composition  of  brazing  alloys  was  selected  ta¬ 
king  into  account  the  argon-arc  heating  conditions. 
Experiments  on  repair  brazing  of  artificially  created  and 
real  technological  defects  on  blades  of  aircraft  and  ship 
gas  turbine  engines  of  alloys  ZhS-6U,  ChS-70,ChS-88 
and  IN-738LC  (amount  of  y'-phase  is  35-60  %)  were 
performed  in  air  using  argon-arc  heating.  3  mm  diame¬ 
ter  cast  rods  of  nickel  brazing  alloys  were  selected  as 
a  filler  metal  and  Ti,  Zr  and  Hf  were  depressants.  The 
feasibility  of  using  composite  brazing  alloys,  in  which 
the  powders  of  heat-resistant  alloys  were  used  as  a 
high-temperature  phase,  was  studied. 

In  the  course  of  experiments  on  arc  brazing  of  heat-re¬ 
sistant  alloys,  the  effect  of  current  (40-260  A),  tempera¬ 
ture  of  preheating  (100-600"C),  thickness  of  blade  metal 
at  the  repair  area  (2.5-40  mm),  shape  and  sizes  of  a 
defect  (surface  dents  of  5-25  mm  diameter,  5-10  mm 
depth,  through  cavities  of  5-12  mm  diameter),  prelimi¬ 
nary  and  post  repair  heal  treatment  (austenitization, 
ageing)  on  crack  resistance  w'as  investigated,  For  com¬ 
parison  the  surfacing  with  welding  wire  of  Ei  683  alloy 
was  also  performed. 

It  was  established  that  the  eutectic  nickel-based  brazing 
alloys  in  a  pure  form  or  with  an  addition  of  heat-resistant 
alloys  provide  higher  resistance  against  cracks,  as  com¬ 
pared  with  a  reference  alloy  El  683. 
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cBniun  flwaMeTpoM  5...  12  mm),  npefleapuTe/ibHoPi  m 
nocjiepeMOHTHOM  TepMOo6pa6oTKM  (aycTGHMaannq, 
CTapenne).  fl/ia  cpaoHeHna  BunoaHa/iM  TaKxe  Hanaas- 
Ky  CBapoMHoti  nposoaoKofi  m3  cn/iaBa  3H683. 
YcTaHOBJieHO,  mto  aRTeKTHHecKne  npunon  Ha  ocuose 
HMKeBB  B  HMCTOM  BMflB  MJin  c  floSasKoCi  )KaponpoHHWx 
cnnaBOB  o6ecneHMBaK3T  6oaee  BwcoKyio  cTOMKocTb 
npoTMB  TpeiMMH,  no  cpaBHenmo  c  KOUTpoabHbiM  cnjia- 
BOM  3M683. 

Onpefle/ienbi  onTiiMa/ibUbie  npMnoilHbie  KOMnoamtHM 
Ha  OCHOBB  HMKeJlB,  CnOCo6cTByK3lUHe  (popMHpOBaHMK) 
MGTaajia  peMOHTHbix  yiacTKOB  /lonaroK  6e3  TpeiUHH  b 
MeTa;iJie  ama  h  sohu  TepMHHecKoro  bhhbhhh,  b  tom 
HMCJie  M  nocae  Han/iasKH  6e3  noflorpeBa  na  Bcex  mc- 
cjie/ioBaHHbix  /lonaroHHbix  cnaaeax.  HanaaB/ieHHbiCi 
MBTaa/l  HMBBT  MB/IKOaeptlHCTOe  flBHflpMTHOe  CTpoe- 
HHB.  Ha  rpaHMLie  coeflHHeHMH  aacfiHKCMpoBaHO  npo- 

HMKHOBBHMe  aBTBKTHKH  BO  PpaHHpaM  3GpeH  OCHOBHOrO 

MBTa/iaa  iia  rayCHny  5.. .  1 0  mkm,  a  b  oTfle/ibHbix  caynanx 
— flo40MKM.TeMnepaTypHbienpopeccbi  npM  HanaaBKe 
He  oKasbiBaioT  cymecTBeHUoro  bjihbhhb  Ha  poor  sepua 
ocHOBHoro  MBTa/i.Ba,  Her  cyiiiecTBentioM  paantiuhi 
Mexfly  MHKpOTBOpflOCTblO  OCHOBHOrO  MBTaBBa  30Hbl 
cnBaBTienMH  n  MeTaa/ia  Han/iasKH.  HanpMMep,  npn  pe- 
MOHTHOM  HanaaBKB  na  cn^aB  HC-70  onuTHbiM  npMnoeM 

MMKpOTBBpflOCTb  OCHOBHOTO  MBTa/iaa,  MBTaHTia  30Hbl 
cnaaBneuMB  h  MeTa/iJia  nannaBKH  cocTaBH/ia  cooTeeT- 
CTBBHHO  3210,  2860  M  3210  MRa. 
tllBbi,  noayHeHHbie  c  McnoabsoBauMBM  npefl/iarasMoro 
CnOCOOa,  xopoliio  OOBMeCTMMbl  C  SaiUHTHblMH  noicphl- 
THflMH  M  flOnyCXatOT  BTOpHHHyiO  TepM006pa60TKy  M3- 
fleauB  6e3  noBBaGHiiq  TpeiUHH  m  flpyrHX  AetfieKTOB  b 
peMOHTHpyeMOM  ynacTKe. 

HccnBAonana  TaKxexMMMMecKaa  HeoflHopoflHocTb  co- 
BAHneHHH  nocae  naiiKM  m  TepMoo6pa6oTKH.  Peayab- 
TaTbi  MccaeAOBaHHti  nosnoaBioT  cAeaaTb  bbiboa  o  nep- 
cneKTMBHOCTH  3Toro  nanpaBaeuMB,  ocoObhho  b  cohb- 
TaHMH  C  KOMn03MpH0HHbtMH  npHn(5qMI'1. 

TEXHOnorUfi  HAMKH  ATIKJMMHMJI  CO  CTAJlbfO. 

B.  0.  XopyuoB,  O.  M.  Ca6afliauj,  B.  C.  Ky^iyK-RueHKO  (Mh-t 
aneKTpocBapKH  mm.  E.  O.  naroHa,  r.  Ki/tes,  VKpaMna). 
CoeAHHeHHe  pasHopoAHbix  MeTaaaoB,  HanpMMep,  aaio- 
MMHMB  CO  CTaabto,  f\aeT  B03MoxHocTh  noayaaTb  MSAeaMB 
C  HOBbIMM  XapaKTepUCTMKaMM,  HBAOCTMXMMblMM  npM  CO- 
BAMHeHMM  OAHopoAHbix  MBTaaaoB.  CymecTBytoiUMecno- 
Co6bl  CBapKM  (BSpblBOM,  MarHMTHO-MMnyahCHaB,  TpeHM- 
BM,  AHct)ct)y3M0HHaq)  MoryTcnoco6cTB0BaTb  npeAOTBpa- 
menMio  oOpasoBauMB  xpynxMX  MHTepMBTaaaMAHbix  cao- 
BB  B  30He  COBAMHeHMB  pasHopoAHbix  MBTanaoB.  ripM 
BbtcoKOTBMnepaTypHoPi  naMKBTaxxe  HeyAaeTCH  MsOe- 
xaTb  oGpaaoBaHMB  xpynxMX  MHTepMBTaaaMAHbix  npoc- 
aoBK,  oAHaKo  B  STOM  cayHaB  mmbbtcb  6oabiiie  bosmox- 
HOCTBM  B03AeMCTB0BaTb  Ha  CTpOBHMB  M  npOHHOCTb  na- 
BHblX  LUBOB  nyiBM  BapbMpOBaHMH  TBMnepaTypHO-BpB- 
MBHHblX  napaMBTpOB  M  COCTaBOB  npMnOMHbIX  MaTB- 
pMaaoB.  EcTBCTaeHHo,  TexHoaorMH  naiiKM  aaioMMHMB 
CO  CTaabio  hb  moxbt  6biTb  yHMBepcaabHOM.  3Ty  npo6- 
aeMy  Hyxno  peujaTb  a^?i  xoHKpeTHbix  M3AeaMfi,  Tax, 
co3flana  TexHoaorMB  naPiKM  SMMBTaaaMMecKoCi  nocyAU 
M3  KOpp03MOHHO-CTOMKOM  CTaAM  C  aaiOMMHMGM.  AbTO- 
pbi  peiUMaM  KOHKpBTHyio  saABHy  —  paapaGoTxy  tbxho- 
AorMM  naMKM  nepexoAUMKOB  M3  MHorocaoMHoro  naxeTa 
aaiOMMHMB  c  HMSKoyraepoAMCTOM  CTaabKJ,  KOTopwe 
MoxcHo  McnoabaoeaTb  MsroTOBaeHMB  aaeicrpoAOB 
saexTpoaMaa  aaxjMMHMB, 


The  optimum  nickel-based  brazing  alloy  compositions 
which  help  to  form  the  metal  of  the  blade  repair  areas 
v/ithout  cracks  in  weld  metal  and  HAZ,  including  that 
after  surfacing  without  preheating  on  all  the  investigated 
blade  alloys  were  established.  The  deposited  metal  has 
a  fine-grained  dendritic  structure.  At  the  boundary  of 
the  joint  the  penetration  of  eutectics  at  the  boundaries 
of  grains  of  the  parent  metal  for  5-1 0  pm  depth,  and  in 
separate  cases  up  to  40  pm,  was  observed.  The  tem¬ 
perature  processes  in  surfacing  do  not  influence  greatly 
the  growth  of  the  parent  metal  grain.  There  is  no  noti¬ 
ceable  difference  between  the  microhardness  of  the 
parent  metal  of  the  fusion  zone  and  the  surfacing  metal. 
For  example,  in  repair  surfacing  on  alloy  ChS-70  using 
an  experimental  brazing  alloy  the  microhardness  of  the 
parent  metal,  fusion  zone  and  surfacing  metal  was  3210, 
2860  and  3210  MPa,  respectively. 

Vi/elds  produced  with  the  offered  method  are  well  cor¬ 
related  with  protective  coatings  and  admit  the  secondary 
heat  treatment  of  the  product  without  initiation  of  cracks 
and  other  defects  in  the  repair  area. 

Chemical  heterogeneity  of  joints  after  brazing  and  heat 
treatment  were  also  investigated.  The  investigation  re¬ 
sults  show  that  this  trend  is  promising,  especially  in  com¬ 
bination  with  composite  brazing  alloys. 


TECHNOLOGY  OF  ALUMINIUM-STEEL  BRAZING. 

V.F.Khorunov,  O.M.Sabadash,  V.S.Kuchuk-Yatsenko 
(E.O.Paton  Electric  Welding  Institute,  Kyiv,  Ukraine).  The 
joining  of  dissimilar  metals,  for  example,  aluminium  with 
steel,  makes  it  possible  to  obtain  products  with  new 
characteristics,  which  cannot  be  provided  in  joining  si¬ 
milar  metals.  Existing  methods  of  welding  (  explosion, 
magnetic-impulse,  friction,  diffusion)  can  promote  the 
prevention  of  the  formation  of  brittle  intermetallic  layers 
in  the  zone  of  joining  the  dissimilar  metals.  During  the 
high-temperature  brazing  it  is  also  impossible  to  prevent 
the  formation  of  brittie  intermetallic  layers.  However,  in 
this  case  there  are  large  opportunities  to  influence  the 
structure  and  strength  of  brazed  joints  by  vaivIng  tem¬ 
perature-time  parameters  and  compositions  of  brazing 
materials.  Naturally,  the  technology  of  aluminium-steel 
brazing  cannot  be  versatile.  This  problem  should  be  sol¬ 
ved  for  specific  products.  Thus,  the  technology  of  bra¬ 
zing  the  bimetal  utensils  from  corrosion -resistant  steel 
with  aluminium  has  been  developed.  The  present  work 
was  aimed  at  the  solution  of  a  specific  problem:  to  de¬ 
velop  the  technology  of  brazing  transition  pieces  from 
a  multilayer  pack  of  aluminium  with  low-carbon  steel, 
which  can  be  used  for  manufacture  of  electrodes  for 
aluminium  electrolysis. 

In  experiments  the  aluminium  of  ADI  grade  (99.7  %  Al), 
low-carbon  steel  St. 3,  fluoride  flux  FAF540  developed 
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B  3KcnepnMeHTax  ncno;)b30Ba/iM  a/iioMUHMM  MapKM 
Afl,1  (99,7  %  Al),  HH3KoyrjiepDAMCTyK)  ctanb  Ct3,  paa- 
pa6oTaHHbiM  B  H3C  mm.  E.  O.  naroHacJjTopMflHbiM  ct)aK3C 
cUActiSAO  M  nawnbHbie  npyjKM  HAK  12  D.  ilpunoM  o6- 
paaoBbiBa/icn  b  npouecce  naMKM  aa  cneT  BbiAeaeHnq 
KpeMHMS  M3  cfi/lioca  M  BaaMMOflGfiCTBMfl  8r0  C  aaiOMM- 
HueM.  flaq  nailKM  MaxetHbix  oSpaaiioB  noflroTOB/iBBM 
cTaabHbie  6pycKM  nonepesHbiM  ceqeHMeM  60X60  mm  m 
naxeTbi  nnacTMH  m3  anioMMHMq  (To.nmMHoi1  1  mm)  ce- 
MeHMeM  17X60  MM,  naMKy  craAeaAioMMHMeBbix  MaxeT- 
HblX  o6pa3UOB  OCyiiieCTBABAM  Ha  B03flyxe  C  MCnOAb30- 
BaHMGM  MHfiV'KtJiMOHHoro  HarpeBa. 
riaqHbie  coeflUHeHMS  anioMMHMq  co  craBbto  Mccjieflo- 
Bann  MeTaAAorpa<})MHecKMMM  MeroflaMM  m  McnuTbiBa- 
m  Ha  npoHHocTb,  MHKpocTpyKiypy  nasHbix  ujbob  way- 
HanM  Ha  ujJiM(t)ax  nocjie  TpanjieHHa  npn  noMoiUM  cxa- 
HHpyrauJiero  sBeicrponHoro  MMxpocKona.  DpoHnocTb 
naBHbix  cTaHflapTHbix  o6pa3i40B  onpeflean/iM  npM  xpaa- 
KOBpeMGHHbix  McnbiTaHMBX  Ha  paapbiB  flo  m  nocae  xep- 
MOAMKBMpOBaHMB.  TepMOUMKBMpOEaHMe  o6pa3UOB 
ocymecTBBB/iM  no  AByM  pexMMaM:  A  —  narpeg  flo  tJiMK- 
CMpoBanHOM  TeMneparypbi  200,  300,  400,  500  "C  m  ox- 
naxcfleHMe  norpyxeHMeM  b  BOfly  c  TeMnepaxypoM  20  ‘C 
(50  MMKXioB);  5  —  Harpes  flo  xeMnepaxypbi  200  "C  m 
oxjiaxAeHMe  b  boas  noc/ie  50,  100,  300,  500  amkaob. 
naBHbiecoeAMHeHMB  KaKGxaHAapxHoro.xaKMMaKexHoro 
o6pa3AOB  no  CBOSMy  cxpoghmkj  m  cocxasy  HeoAHopoA- 
Hbl,  BKBIOHaiOX  CXaAb,  AMCt)(t)y3MOHHy(0  30Hy,  BMXOpi  mOB. 
OxjiMHi/te  MMKpocxpyKxypbi  coeAHHeHMM  saioiiOHaexGq  b 
lAMpMHS  AM0(tiy3MOHHblX  30H  (A/iB  CXaHAapXHOPO  o6pa3- 
qa  —  OKOAO  10  mkm;  aj^h  MaxexHoro  —  oko/io  30  mkm) 
M  MoptpoBorMM  KOHxaxxHbix  ppaHMU  CO  cxanbio,  mxo 
oS'bBCHBexcfl  paa/iHMHbiMM  xeMnepaxypHo-BpeMeHHbiMM 
ycnoBMBMM  naMKM,  flMtJjcfiyaMpHHbie  aoHbi:  MHxepMexan- 
AMAHaq  npocAOMKa  co  cxopoHbi  cxanM,  npoAnoAoxcM- 
xeAbHo,  npeAoxaBAHex  co6om  ((Dasy  Ha  ocHose  cogam- 
HeHMB  FeAls;  co  cxopoHN  anwMMHMB  odHapyxcen  caom, 
coAep)KaLU,Mfi  okoao  1  %  xceneaa.  naqHbi(i  moB  npeAC- 
xaBABex  co6oi^  aaioMMHMeBo-KpeMHMeBbiM  cnnag  nepe- 
MenHoro  cocxasa  c  6. ..8  %  Si.  PIpoHHocxb  nasHbix  coe- 
AmhshmR  npeBbiuJaer  McxoAHyio  na  7...10  %  nocne xep- 
MOUMKAMpoBaHMH  oo  poxcMMy  A  M  Ha  6  %  MeHbtiie  nocae 
XepMOUMKAMpOOaHMB  00  peXMMy  B.  USMSHeHMe  npoM- 
HOCXM  naBHblX  COeAMHGHMM  SaBMCMX  OX  yBeOMMeHHB  MH- 
xepMexaAAMAHOM  npocaoMKM  b  peayabxaxe  BosAeticxBMB 
xeMnepaxypbi  npM  xepMoqMKJiMpoBaHMM. 

Ha  ocHOBaHMM  npoBeASHHbix  MccAeAOBaHMM  6biAa 
npeAAoxGHa  HOBan  KOHcxpyxuMB  nepexoAHoro  one- 
MeHxa  cxaaeajiioMMHMeBoro  saeKxpoAa.  PaspaSoxan  m 
onpo6oBaH  Ha  MaxexHbtx  o6pa3qax  cnoco6  4)aiocobom 
nai^KM  Ha  BOSAyxe  c  McnoAbsoBaHMeM  MHAyKUMOHHoro 
HarpeBa.  DepeA  naMxoM  aAioMMHMeBbiM  naKex  «3aMO- 
HOAMHMBaAcqn  (Ha  aAlOMMHMeSbie  nAacXMHbl  HaHOCMAM 
(})Aioc  M  saxeM  naBAM,  DaCiKy  MaKexoB  cxaAeaAioMMUM- 
eBbix  SAeKxpoAOB  ocyu^ecxBABAM  npM  xeMnepaxype 
600. ..610  ’C  B  xeneHMe  10  mmh.  B  KanecxBe  naoAbHbix 
MaXepMaAOB  MCnoAbSOSaAM  ctlXOpMAHblM  (pAIOC 
ctiAOSAO  M  nasAbHbie  npyxKM  HAK  12  PI.  epatoc  HaHO- 
CMAM  Ha  naneMbiG  noBepxHocxM  nepeA  nailKOM,  a  npM- 
noM  BBOAMAM  8  npoqGcce  naMKM. 


by  the  Paton  Institute  and  brazing  rods  PAK12P  were 
used.  The  brazing  aiioy  was  formed  during  the  brazing 
process  due  to  silicon  precipitation  from  flux  and  its 
interaction  with  aluminium.  For  brazing  the  mock-ups, 
the  steel  bars  of  60X60  mm  transverse  section  and  pack 
of  1  mm  thick  aluminium  plates  of  17X60  mm  section 
were  prepared.  The  brazing  of  steel-aluminium  mock- 
ups  was  performed  in  air  using  an  induction  heating. 
The  brazed  joints  of  aluminium  with  steel  were  examined 
using  the  metallographic  methods  and  subjected  to 
strength  test.  Microstructure  of  brazed  joints  was  ex¬ 
amined  on  as-etched  sections  with  the  help  of  a  scan¬ 
ning  electron  microscope.  Strength  of  brazed  standard 
specimens  was  determined  at  short-time  tensile  tests 
before  and  after  thermocycling.  Thermocycling  of  spe¬ 
cimens  was  realized  using  two  conditions:  A.  Heating  to 
a  fixed  temperature  200,  300,  400,  500  'C  and  cooling 
by  immersion  into  the  water  of  20  "C  temperature  (50 
cycles);  6.  Heating  to  temperature  200  "C  and  water 
cooling  after  50,  100,  300,  500  cycles. 

As  to  their  structure  and  composition  the  brazed  joints 
of  both  standard  and  mock-up  samples  are  not  homo¬ 
geneous.  They  include  steel,  diffusion  zone  and  a  cast 
weld.  Microstructures  of  the  joints  differ  in  width  of  the 
diffusion  zone  (for  standard  sample  it  is  about  10  pm, 
while  for  mock-up  — about  30  pm)  and  morphology  of 
contact  boundaries  with  steel  that  is  explained  by  diffe¬ 
rent  temperature-time  conditions  of  brazing.  The  diffu¬ 
sion  zones,  i.e.  intermetallic  interlayer  from  the  side  of 
steel  is  assumed  to  be  a  phase  on  the  basis  of  FeAip 
compound,  and  from  the  side  of  aluminium  a  layer  con¬ 
taining  about  1  %  Fe  is  observed.  The  brazed  joint  is  an 
aluminium-silicon  alloy  of  a  variable  composition  with 
6-8  %  Si.  The  strength  of  the  brazed  joints  exceeds  the 
initial  strength  by  7-10  %  after  thermocycling  using  con¬ 
ditions  A  and  it  is  lower  by  6  %  after  thermocycling  using 
condition  B.  The  variation  of  strength  of  the  brazed  joints 
depends  on  increasing  the  intermetallic  layer  as  a  result 
of  temperature  effect  during  thermocycling, 

A  new  design  of  a  transition  element  of  a  steel-aluminium 
electrode  has  been  suggested  on  the  basis  of  the  in¬ 
vestigations.  The  method  of  a  flux  brazing  in  air  using 
induction  heating  has  been  developed  and  tested  on 
mock-up  samples!  Before  brazing  the  aluminium  pack 
i  was  made  "monolithic”  (the  aluminium  plates  were  co- 
1  vered  with  a  flux  and  then  brazed).  The  brazing  of  mock- 
ups  of  steel-aluminium  electrodes  was  realized  at  tem¬ 
perature  600-610 ’C  during  10  min.  The  fluoride  flux 
FAF540  and  brazing  rods  PAK12P  were  used  as  brazing 
materials.  The  flux  was  placed  on  the  surfaces  to  be 
brazed  before  brazing  and  the  brazing  alloy  was  intro¬ 
duced  during  the  procefss  of  brazing. 
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ynPAB/IEHME  nPOUECCAMM  AVrOBOM  CBAPKM 
AMCTOBbIX  KOHCTPyKLlMM  HA  OCHOBE  AHHA- 
MMMECKHX  XAPAKTEPMCTMK  AVM.  B.  A.  U,bira- 
HOB,  C.  n.  ParynoBm,  C.  R.  TopnanoB  (HayH.-mcnea. 
H  KOHCTpyK.-rexHO/ior.  hh-t cBapKH  h  aauxm.  noKphnM 
c  onbiT.  np-BOM,  r.  Mhhck,  Pecny6nHKa  Bempycb).  B 
HHKTU  cn  c  on  pa3pa6oTaH  cnoco6  ynpaE/iQHun  npo- 
LieccoM  aneicrpoflyroBoti  cBapKM,  b  kotopom  sciieflc- 
TBue  ynera  oTKrionenMfi  CTaTUCTimecKiix  napaMOTpoB 
pexMMa  oT  ajaaoHHbix  m  fleyepMUHncTHHecKoro  aafla- 
HUB  curnaEa  mqluhoctm  AVrn  b  npoiiecce  anBiapoAV- 
roBoPi  CBapKM  Ha  ochobg  rpex  cTaTMCTMMecKMx  momch- 
TOB  M  HacTOTbi  nyjibcauMM  npOMoxoAMT  TOMHoe  perynM- 
pOBaHMG  CTaTMCTMMeCKOrO  no/lH  MOUJIHOCTM  AyrM,  con- 
pOBO)K,qaK)lMCGCH  nOBbllUGHMeM  CTaGMBhHOCTM  ropGHMB 
AyrM,  yMei-ibUjeHneM  paaGpbiarMsaHMB  Mera/iBa,  Ae- 
4)eKTOB  CBapHoro  aiBa. 

Ana  ynpaB/ienMH  nponeccowi  McnonbayeTCB  HAaTa  mho- 
roKaHanbHoro  aHanoro-UMtt^poBoro  npeo5pa30BaTeBB 
(AMD)  ADC-200K/12-4,  Ochobom  naaibi  bbabiotcb 
MMKpocxeMbi  AUn  AD  7892  (fiMpMbi  ANALOG  DEVICES 
CO  BOTpoemiblMM  yCTpOMCTBaMM  BbiSopKM  M  XpaHCHUB 
(VBX),  riAaTa  mmoot  fiycpepnoe  onepaTMOHoe  aanoMM- 
HaioLpee  ycipoMCTBo  (OCV),  mo  noaBOABer  HaxanAM- 
BaTb  MaccMB  AaHHbix  603  yBacTMn  nporpawMbi.  ripn 
aroM  MacTora  Bbi6opoK  mtokot  npoBbiiuaTb  MaKCMMaab- 
HO  B03MO>KHyiO  MaCTOTy  o6paLlJ;GKMM  KyCTpOMCTBy  BBO- 
Aa/BbiBOAa.  MaxcMMaAbUbiM  o6>jeM  MaccMsa  —  16Tbic. 
TOHGK  A<151  KaSKAOrO  KaHaAa,  tpOpMUpOBaWMB  COTKM 

HacTOT  McnoAbsyeTCB  MHTorpanbHbiCi  nporpaMMMpye- 
MbiM  TaMMop  TMna  82C54.  KaHari  0  jatiMepa  CAyx<MT 
A/IB  (popMMpOBaHMB  MacTOTbl  Bbl6opOK,  KaHaA  1  —  AAB 
(pOpMMpOBaHMfl  Heo6XOAMMOrO  KOJlHHeOTBa  BbldopOK, 
Kana/i  2  — A/iB  (fiopMMpoBaHMH  saAopxKM  aanycKa.  Ka- 
HBAbl  0  M  2  TaMMOpa  TaKTMpylOTCB  MaCTOTOM 
14,318  MTn,  ag/ishhom  HaAsa.  Dpn  sTOMTONHOCTb  3a- 
AaHMB  nepMOAa  Bbl6DpOK  COCTaSABeT  npM6AM3MTeAbMO 
140  HC.  MMHMMaAbHO  AOnyCTMMbIM  nepMOA  Bbl6opOK 
—  5  MKC.  yCKOpOHMB  MTeHMB  AaHHbIX  M3  03y  MC- 

nOAbSyOTCB  aBTOMaTMMeCKMM  MHXpeMGHT  aAPSca.  Ho 
roTOBHocTM  MaccMBa  AaHHbix  BbipaOaTbiBaeTCB  npepbi- 

BaUMO,  MTO  nOSBOABOT  CBOCTM  K  MMHMMywy  nOTOpM  Bpe- 
MGHM.  AHaAoroBaB  MacTb  riAaTbi  coAopxcMT  nporpaM- 
MHbifi  ycMAMTOAb  PGA.  SHaMOHMe  KoacpcpMUMenTa  ycM- 
AOHHB  MO>KeT3aAaBaTbCB  B  npOAOAaX  OT  1  AO  100.  A^b 
BbiBoqa  ynpaBABioLnero  ciirHaAa  riAara  mmogt  pea  xa- 
HaAa  12-6MTHbix  HMcf/po-aHaAoroBbixycTpoMCTn  {UAD), 
B  KaMOCTB©  KOTOpbIX  npHMOHeUbl  MHKpOCXOMbl  TMPia 
AD7945  (pMpMbi  ANALOG  DEVICES.  PerMCTpbi  UAH  Ha- 
xoabtcb  Ha  aApecHOM  npocTpancTBe  ycTpoPicTB  bbo- 
Aa-BbiBOAa.  BpoMB  ycTaHOBAennB  sbixoAHoro  nanpH- 

>KeHMB  t4An  —  OKOAO  1  MKC.  Ba30Bbli1  aApGC  DAaTbl 
noAHOCTbio  aaqaeTCfl  c  noMoiUbio  DIP-nepeKinioHaTeAB, 
MTO  noSBOABOT  M36e)KaTb  KOHCpAMKTOB  C  APy™MM  AAa- 
TaMM. 

McnoAbsyA  pa3pa6oTaHHbift  cnoco6  ynpaBAOHMA  npo- 
HeccoM  AVroBOM  coapKii  m  nAary  ADC-200K/12-4, 
MO)KHO  OCymeCTBAOTb  peryAMpOBaHMO  npaKIMHOCKM 
A(o6bix  xexHOAorMHecKMX  nponeccoB  aAOKTpoAyroBOM 
CBapKM,  Aa>Ke  raxMx  HocTauMoHapHbix,  Kax  CBapxa  c 
nonepeMOHUOM  nnAaneti  sauiMTHbix  raaoB,  Ha  MwnyAb- 
CHOM  M  ASyilMnyAbCHOM  TOKaX,  C  MMnyAbCHOM  nOAHMSM 
npOBOAOKM  M  AP’ 


CONTROL  OF  PROCESSES  OF  ARC  WELDING 
SHEET  STRUCTURES  ON  THE  BASIS  OF  ARC  DYNA¬ 
MIC  CHARACTERISTICS.  V.A.Tsyganov,  S.P.Raguno- 
vich,  S.  P.  Torpachev  (Research  &  Development  Institute 
for  Welding  and  Protective  Coatings  with  Pilot  Produc- 
i  tion,  Minsk,  Belarus).  This  Institute  has  developed  a  met¬ 
hod  of  control  of  the  process  of  the  electric  arc  welding, 
in  which  a  preci.se  control  of  a  statistic  field  of  arc  power, 
accompanied  by  increase  in  stability  of  arc  burning,  dec¬ 
rease  in  metal  spattering  and  defects  of  weld  occurs 
due  to  taking  into  account  the  deviations  of  statistic 
parameters  of  conditions  from  reference  and  determi¬ 
ning  selling  of  the  arc  power  signal  during  the  electric 
arc  welding  process. 

To  control  the  process,  a  board  of  a  multichannel  ana¬ 
log-digital  converter  (ADC)  ADC-200K/1 2-4  is  used .  The 
board  is  based  on  microcircuits  ADC  AD  7892  of  ANA¬ 
LOG  DEVICES  Company  with  a  built-in  sampling  and 
storage  device  (SSD).  The  board  has  a  buffer  core  me¬ 
mory  (BCM)  that  makes  it  possible  to  accumulate  the 
data  bank  without  using  the  program.  Here,  the  frequ¬ 
ency  of  samplings  can  exceed  the  maximum  possible 
frequency  applied  to  the  device  (input-output).  The  max¬ 
imum  volume  of  the  data  bank  is  1 6  000  points  for  each 
channel.  To  form  the  net  of  frequencies  an  integral  prog¬ 
ramming  timer  of  the  82C54  type  is  used.  Channel  O  of 
the  timer  serves  forformation  ofthesampling  frequency, 
channel  1  —  for  formation  of  a  required  amount  of 
samplings  and  channel  2  —  for  formation  of  a  start  delay. 
Channels  0  and  2  are  timed  by  frequency  14.318  MHz, 
i  divided  in  two.  In  addition,  the  accuracy  of  presetting 
the  period  of  samplings  is  approximately  140  ns.  The 
minimum  allovzable  period  of  samplings  is  5  ps.  To  ac¬ 
celerate  the  data  reading  from  the  core  memory  an 
automatic  increment  of  address  is  used.  When  the  data 
bank  is  ready  an  interruption  is  operated,  thus  reducing 
the  time  losses  to  minimum.  The  analog  part  of  the 
board  includes  a  programming  amplifier  (PGA).  The 
value  of  the  coefficient  of  amplifying  can  be  preset  within 
the  ranges  from  1  to  100.  For  controlling  signal  output, 
the  board  has  two  channels  of  12-bit  digital-analog  de- 
!  vice  (DAD),  based  on  microcircuits  of  AD7945  type  of 
ANALOG  DEVICES  Company.  Registers  of  DAD  are  lo¬ 
cated  in  address  spacing  of  input-output  devices.  The 
time  of  setting  the  output  voltage  of  DAD  is  about  1  ps. 
The  base  address  of  the  board  is  preset  with  the  help 
of  DIP-switch,  thus  preventing  conflicts  with  other  bo¬ 
ards. 

With  the  use  of  the  developed  method  of  arc  welding 
control  and  the  board  ADC-200K/1 2-4  it  is  possible  to 
realize  the  control  of  almost  any  technological  proces¬ 
ses  of  electric  arc  welding,  even  such  non -stationary 
processes  as  welding  with  an  alternating  feeding  of  shi¬ 
elding  gases,  at  pulsed  and  two-pulsed  currents,  with 
a  pulsed  feeding  of  wire,  etc. 
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CTABkl/IMSAUMSI  MMKPOCTPyKTVPbt  COEAHHE- 
HMSI  nPM  CBAPKE  n/IABJIEHMEM  C  MCnO/lbSO- 
BAHMEM  KABl1TAl4l10HH0r0  3<D(DEKTA  B  HOriE 
Y/lbTPASByKA.  B.  A.  UbfraHOB,  A.  T.  TuMOHosm  (Ha- 
yH.-ucc/iejj.  n  KOHcrpyK.-TexHonor.  HH-rcBapm  n  aa- 
mm.  noKpbiTuPi  c  onuT.  np-BOM,  r.  MmcK,  Pecny6nma 
Benapych).  Hpn  y/ibTpasByKOBOM  BoafleficTBUM  Ha  csa- 
poHHyto  BaHHy  b  npouecce  KpMCTaji;iH3aLiHM  6ojibiijoe 
BJiuBHue  Ha  MMKpocTpyKTypy  MaTepna/ia  CBapnoro  co- 
eflMHeHMFi  oKaabiBaioT  flsa  BBBeHHB,  HenocpeflCTBen- 
HOM  npMHHHOpi  KOTOpblXBBBHeTCB  KaBMTaUlMOHHblM  3lt)- 
0eKT;  fleraaauMB  pacnjiasa  h  flMcneprMposaHne  ubh- 
TpoB  KpucTajiJinaainMH  B  no/ie  y/ibjpaaByKa, 
rioKaaaHO,  mto  b  yjibTpaasyKOBOM  noae  nyjibcauMMTeM- 
nepaTypbi  n  flas/ieHHB  noBbiujaraj  eepoBTHOOTb  o6pa- 
30BanMB>KH3Hecnoco6Hbix3apoflbiujefi  raaoBoii  (t)a3bi. 
Bo3HMKUJne  nysbipbKM  Ha  HanaBbHOM  arane  fleraaauwH 
6bicTpo  yKpynuBioTCB  b  peay/ibraie  pacT- 

BopeHHoro  B  pacn/iase  rasa  BHyrpbnysbipbKOB,  araiOKe 
3a  CHGT  KoaBecueHUMM  c  coceflHMMM  nyabipbxaMM. 
y/ihTpa3ByKOBaq  o6pa6oTKa  xhakobo  weian/ia  oxasbiBa- 
ei  ycKopBiou^ee  B/iMHHMe  na  oxoHMaTeabHbifi  sran  npo- 
uecca  yjH.TpasByKOBOM  flerasaumi  nofl  fleficTBMeM  flsyx 
c})aiaopoB.  Bo-nepsbix,  b  nojie  yBbTpaaByKOBoii  bo/ihu 
He  cni/iuJKOM  6o/ibUJOH  nacTOTbi  (npwMepHo  16. ..20  kPli) 
npoHcxofluT  o6beflHHenHe  HecKOBbXHX  nyawpbKOB  6jia- 
roflapB  rMAPOAMHaMHHecKHM  h  axycTiiHecKHM  reneHM- 
BM.  Bo-BTOpbIX,  npn  KOBeOare/lbHOM  ASHXeHHH  XMAKOC- 
TH  nOABHXHOCTb  ny3bipbK0B,  HaXOABLAHXCB  B  yCBOBHBX 
ycKopeHHB,  BoapacTaeT  b  HecKo;ibKO  paa  H3-3a  6o/ihiiioH 
pasHHUbi  B  ruioTHocTH  rasa  m  xhakocth,  mto  cnoco6c- 
TByeT  6oBee  dbicTpowy  Bcn/ibiTiiio  nyabipbXOB  na  nosep- 
XHOCTb.  3tot  (|)aicT  n3BecTeH  B  iiMTeparype  xax  Kaxyme- 
ecB  CHMxeHMe  bbskoctm  xmAKocth. 
y/ibTpaaayKOBoe  AHcneprMpoBanMe  h  conpaxeHHoe  c 
HUM  BBJieHMe  aKTMBaqMM  npHMecen  pacnjiaea  Taxxe 
MMesT  MecTo  npn  Hanoxeumi  yjibTpasByKOBoro  noBB 
Ha  CBapoMHyio  Banny  b  npopecce  ee  KpncTaBJiH3aAMM, 
BBOAHMbie  B  KpncTajiAn3yK3iAHMCB  pacHBaB  yBbxpas- 
ByKOBbie  Kone6aHMB  msmshbiot  ycjioBMB  npoTexaHHB 
npoueccoB  aapoxAenma  m  pocxa  KpHcxan/ioB.  B  oOiiieivi 
cBynae  npM  KpHcTa/iBHsauHM  c  HanMMMeM  KaBmauHH 
Heo6xoAHMo  yMMTbiBaTb  AePicTBMe  y/ibipaasyKa  na 
XHAxyKJ  (Jiaay  (pacnaaB),  coAepxaiuyKD  raaoBbie  ny- 
3bipbKH,  a  TaKxe  Ha  c})poht  KpncTan/iH3aLiiin  m  nepe- 
xoAHyio  (TBepAO-XMAxyio)  o6jiacTb. 

B  KaMecTBe  onpeAe/iBfoaiHx  xapaKrepMCTUK  yabipaa- 
ByxoBoro  hobb,  B/iMBioujinx  Ha  ycBOBHB  npoTexaHHB 
npouecca  aapoxAeuMS  m  pocxa  KpHCTannoB,  paccMOT- 
pSHbl  MHTeHCMBHOCTfa  H  ftBHHa  BOBHbl  y/ibTpa3ByKa.  Ha 
npMMepe  pacn/iaea  xe/ieaa  dbuio  noxaaaHo,  mto  no  Me- 
pe  poCTa  HHTenCHBHOCTM  H  CHMXeHMB  A/IHHbl  BO/IHbl 
y/)bTpa3ByKOBoro  M3/iyMeHHB  npoMcxoAHTyMeHbLueHne 
paSMepOB  ABHAPMTHOil  BMeClKM  npM  KpHCTa/tBHSaUHH 
pacn/iaea  no  AByM  ocHOSHbiM  npi/iMHHaw.  Bo-nepBbix, 
paawepbi  Mro/ibMaTbfx  cTpyxTyp  Ha  (tipoHTe  xpHCTanjiH- 
aauHH  orpaHHMeHbi  npH  onpeAeBenHbix  snaMeHHBX  hh- 
TeHGMBHOCTH  H  AHHHbl  BOTlHbl  y/lbTpaSByKa,  BO-BTOpbIX, 
BosHMKHOBeHMe  nyBbCHpytoLAHX  KaBMTaqMOHHhix  ny- 
sbipbKOB,  .naBMHOoSpaaHoe  yseBHMeHHe  hx  kohaght- 
pau.MH  B  yjibTpasByKOBOM  noBe  c  nocBeAywiAHM  «cx/io- 
nbiBaniieM"  cosAaiorycBOBHB  noBbiujeHHOM  aKTHBapHH 
npMMeceR  n  AncnepmpoBaHMq  xpHCTajinoB  bxhakoh 
M  TBepAO-XHAKOM  o6BaCTBX,  npHMBM  06a  nOCJieAHHX 
ct)aKTopa  cnooo6cTBytoTyBe/iMMeHMio  cxopocTM  sapox- 
ASHHB  H  KOHAeHTpaUnH  UeHTpOB  KpHCTanAM3ai4MH,  C 


STABILIZING  OP  MICROSTRUCTURE  OF  JOINTS  IN 
FUSION  WELDING  WITH  CAVITATION  EFFECT  IN 
THE  FIELD  OF  ULTRASOUND.  V.A.Tsyganov,  A.G.Ti- 
monovich  (Research  &  Development  Institute  for  Wel¬ 
ding  and  Protective  Coatings  with  Pilot  Production, 
Minsk,  Belarus).  With  ultrasonic  action  on  the  weld  pool 
during  solidification  two  phenomena,  caused  by  a  cavi¬ 
tation  effect,  influence  greatly  the  microstructure  of  the 
welded  joint  material,  namely:  degassing  of  melt  and 
dispersion  of  centres  of  solidification  in  the  field'of  ul¬ 
trasound. 

It  is  shown  that  in  the  ultrasonic  field  the  pulsations  of 
temperature  and  pressure  increase  the  probability  of 
formation  of  viable  nuclei  of  the  gas  phase.  The  bubbles 
appeared  at  the  initial  stage  of  degassing  are  quickly 
enlarged  as  a  result  of  diffusion  of  gas  dissolved  in  melt, 
inside  the  bubbles,  and  also  at  the  expense  of  coales¬ 
cence  with  neighbouring  bubbles. 

The  ultrasonic  treatment  of  the  molten  metal  has  an 
accelerating  effect  on  a  final  stage  of  the  process  of  an 
ultrasonic  degassing  under  the  action  of  two  factors. 
Firstly,  in  the  field  of  an  ultrasonic  wave  of  not  too  high 
frequency  {approximately  16-20  kHz)  several  bubbles 
are  united  due  to  hydrodynamic  and  acoustic  flows.  Se¬ 
condly,  at  oscillating  motion  of  the  liquid  the  mobility  of 
bubbles,  being  in  an  accelerated  condition,  increases 
several  times  due  to  a  large  difference  In  density  of  a 
gas  and  a  liquid  that  contributes  to  a  faster  escape  of 
the  bubbles  to  the  surface.  This  fact  is  known  in  the 
literature  as  the  apparent  decrease  in  liquid  viscosity. 
The  ultrasonic  dispersion  and,  associated  with  it,  phe¬ 
nomenon  of  activation  of  melt  impurities  takes  places 
during  superposition  of  the  ultrasonic  field  on  the  weld 
poo!  in  the  process  of  its  solidification. 

Ultrasonic  oscillations  induced  to  the  solidifying  melt 
change  the  conditions  of  proceeding  the  processes  of 
nucleation  and  growth  of  crystals.  In  a  general  case, 
during  solidification  with  a  presence  of  cavitation,  it  is 
necessary  to  take  into  account  the  action  of  the  ultra¬ 
sound  on  the  liquid  phase  (melt),  which  contains  gas 
bubbles,  and  also  on  the  front  of  solidification  and  tran¬ 
sition  (solid-liquid)  region. 

Intensity  and  length  of  the  ultrasound  wave  are  consi¬ 
dered  the  decisive  characteristics  of  the  ultrasonic  field 
which  influence  the  conditions  of  proceeding  the  pro¬ 
cesses  of  nucleation  and  growth  of  crystals.  It  was  shown 
by  an  example  of  the  iron  melt  that  with  a  growth  of 
intensity  and  decrease  in  wavelength  of  the  ultrasonic 
radiation  the  sizes  of  a  dendritic  cell  are  decreased  in 
melt  solidification  because  of  two  reasons. 

Firstly,  the  sizes  of  acicular  structures  at  the  front  of 
solidification  are  limited  by  certain  values  of  intensity 
and  ultrasound  wavelength. 

Secondly,  the  occurrence  of  pulsating  cavitation  bub¬ 
bles,  avalanche-like  increase  In  their  concentration  in 
the  ultrasonic  field  with  a  subsequent  "flopping"  creates 
the  conditions  of  an  increased  activation  of  impurities 
and  dispersion  of  crystals  in  liquid  and  solid-liquid  re¬ 
gions,  the  latter  two  factors  increase  the  rate  of  nucle¬ 
ation  and  concentration  of  solidification  centres.  With  a 
growth  of  concentration  of  small  gas  bubbles  the  inten¬ 
sity  of  action  of  powerful  cumulative  shock  waves,  oc¬ 
curring  in  "flopping"  of  bubbles  and  having  a  local  na¬ 
ture,  on  the  microstructure  of  the  welded  joint  material 
is  increased.  Thus,  the  conclusion  was  made  that  the 
cavitation  effect,  intensified  by  the  ultrasonic  action  on 
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pocTOM  KOHLienTpanMH  MeaKnx  raaoRbix  nysbipbKOB 
BoapaoTaeT  HHTencMBHocTb  BosAewcTBUB  na  Mi/ixpoc- 
Tpyicrypy  MaxepMaaa  csapHoro  coeAHHenna  MOiuHbix 
KyMyAaTWBHbix  yflapnux  bobh,  BoaHUKaioiunx  npM 
«cxAonbiBaHMii»  nyabipbKOB  n  MMeioiuiix  aoKaAbHbiPi  xa- 
paicrep,  TaxuM  o6pa30M,  6biB  CAeaaH  BbiBOfl  o  tom, 
HTo  KaBMTauMOHHbiii  scfjCfieKT,  ycn/iUBaeMbiti  yabTpaa- 
ByKOBbiM  BoaflfiMCTBMGM  Ha  cBapoMHyio  BaHHy,  coanaeT 
yCAOBHH  ftBB  o6t.eMHOH  KpMCTa/lBHSaUMM  M  MSMeAbBe- 
HHB  3epna,  HTo  B  CBOK)  oMspeAb  CTa6nan3npyeT  npM 

cooTBeTCTByioiUHX  onpefleAenHbix  sHaMeHHBX  nHTeH- 
CHBHOCTM  M  BOAHbl  yAbTpaSByKa  MHKpOCTpyKTY- 

py  cBapnoro  coeAHHeuMB,  ero  npo'wooTHbie  cnoftcTBa, 

BOCCTAHOBMTE/IbHAfl  HAHriABKA  MSHOUIEH- 
HblX  TPAMBAMHbIX  PEflbCOB.  H.  HepmK  (Mh-t 
snBKTpocBapKM  VIM.  E.  O.  riaTOHa,  r .  Knen,  yKpatwa). 
TpaMRaHHbie  pe/ibobi  h  KOBeca,  pa6oTaioiAne  D  nape, 
MaHaiAHsaioT  APy  flpyra-  Han6oAee  HHTeiicMBHo  aro 
npoMCXoAMT  Ha  KpMBOBMHefiHbix  ynacTKax  nyTH,  tab 
ofibiHHo  ycTanaBAHBaioTCB  x<e/io6MaTbte  pe/ibcbi. 
HaHaiuHBaioTCB  b  ochobhom  BHyrpGHHHe  6oKOBbie 
noBepxHOCTH  ro/iODKM  M  ry6bi  peabca. 

SaMena  MSHoiiieHUhix  peBbooB  noBbiMM  — AnporocTO- 
BUnaB  onspapHB,  npoxAe  Bcero  n3-3a  hx  aHaHHTcJibHOH 
MeTa/IBOeMKOCTH  M  CTOHMOCTH,  ElUO  6o/lbLUHe  y6blTKH 

ropoACKoe  xosbhgtbo  Heoer  Ma-sa  Heo6xoAMMocTn 
paapyiuGHnn  h  noc/ieAyioiMero  BoccTaHOBJienMB  Aopo- 
XHoro  noKpbiTHB,  npexpameHHB  ABHxenHBTpancnopTa 
B  npoAecce  saMenbi  H3Hou.ieHHbix  penbcoB  HOBbiMH. 
Xe/io6HaTU0  peabcbi  MaroTOBBsioT  b  ochobhom  H3  cra- 
AGH  MapoK  M-75  M  M-76,  coAepxcamux  Ao  0,82  %  yrAe- 

poAa.  npM  AyroBoti  naruiaBKe6oKoB0M  noBepxHoc™  peJib- 
ca  nnaBBUJiMMCB  aneicrpoAOM  coAepxattHe  yr/iepoAa  b 
nepBoM  HanfiaonenHoM  c/toe  Mox<eT  AocTHraib  0,45  %. 
Hro6bi  npH  thkom  ero  K0/iHHecTB6  HsfiexaTb  oOpaaoBaHMB 
TpeoJiMii,  Han/iaBKy  npoBOBOKawM  ({loppHTO-nep/iMTHoro 
Knacca  o6biHHo  Bbino/iiwioT  c  npoABapHTGAbubiM  noAor- 
penoM  AO  350.. .400  'C  M  saMGAAeHHbiM  oxAaxAeHHGM, 

B  H3C  HM.  E.  O,  naTOHa  HAH  yKpanHbi  pa3pa6oTana 

TGXHOAOrMB  BOCCTaHOBUTGAbHOH  HaHAaBKH  pGAbCOB, 

He  Tpe6yiou4aB  npeABapMTeAbHoro  noAorpeea,  mto 
craAO  B03M0xnbiM  6AaroAapB  co3AaHHK3  okohomho- 
aerapoBaHHOM  nopoiiiKOBoCi  npoBOAOKH  aycreHHTHoro 
KAacca  MapKH  nri-Hn-FXM. 
no  AaHHbiM  TKn  «KMeB3AeKTpoTpaHC»,  cpeAHBB 

CTOHMOCTb  OAHOM  SaMGHbl  pSAbCOB  Ha  OAHOKOAetiHOU 
KpMBOH  npOTBXeUHOOTblO  50  M  COCTaBABGT  7000  AOA. 
ClilA.  PacxoAbi  Ha  HanAaaxy  stom  kphboh,  npeAno- 
AOXHTGAbHO,  He  AOAXHbl  npMBbICHTb  2000  AOA. 

/IAH  pOaAH3ai.(l1H  TeXHOAOrHH  BOOCTaHOBAGHHB  pe/IbCOB 

Ha  AsticTByioineH  TpaMBaCiHOH  koagg  b  HHU  '<flyra-2'>  b 
M3C  HM,  E.  O.  naTOHa  HAH  VKpaHHbi  cnpoeKTHpoBan  H 
naroTOBAGH  nariAaBOMHbiH  annapaT  yfl-654.  Oh  BbmoA- 
HGH  B  BHA©  caMoxoAHoftTeAGXKH,  nepeABHratoiAeMca  no 
HanAaBAneMOMy  poAbcy  c  paOo'ieH  h  MapiaeBoCi  cxopoc- 
TfiMH.  Ha  TeAexKe  pasMemenbi  McnoAHiiTeAbUbie 
MexaHH3Mbi,  nyAbT  ynpaFSAGHwa,  aanac  npoBOAOKM  M 
ct)Aioca.  RHTaHHG  cBapoHHoPi  i4enn  ocymecTBAaeTCB  npw 
noMOLAH  AMSGAb-reHepaTopa.  B  cnyHae  hgoGxoahmocth 
Aoa  oOpeaHHGHHbix  KOAeca,  pacnoAoxGHHbix  nonepex 
peAbcoB,  nosBOABiOT  BpyMHyio  onepaTHBHO  BbiBesTH  an¬ 
napaT  3a  npGAO-^t'i  koagh.  HtoObi  hg  MGiitaTb  TpawBan- 
HOMy  abhxghhio,  HanAaB»:y  cAGAysT  npon3ROAHTb  b 
HOMHOG  BpGMB.  Pa6oTbl  BbinOAHBiOT  npH  cyxoH  noroAG 
H  Tewneparype  hg  hmxg  10  'C. 

B  TpaMBannoM  agho  mm.  LUgbhghko  (r.  Kmgb)  Obma 
npoBeAGHa  onbiTiio-npoMbiuJAGHHaB  npoBepKa  paapa- 


the  weld  pool,  creates  the  conditions  for  a  volume  so¬ 
lidification  and  grain  refining,  that  in  turn  stabilizes  the 
microstructure  of  the  welded  joint  and  its  strength  pro¬ 
perties  at  appropriate  certain  values  of  intensity  and 
length  of  the  ultrasound  wave. 


RESTORATION  SURFACING  OF  V/ORN-OUT  TRAM 
RAILS,  Ya.P. Chernyak  (E.O.Paton  Electric  Welding  In¬ 
stitute,  Kyiv,  Ukraine).  The  tram  rails  and  wheels,  which 
operate  in  a  pair,  are  subjected  to  wear,  The  most  in¬ 
tensive  wear  occurs  at  the  curvilinear  regions  of  the 
track  where  the  channelled  rails  are  mounted.  The  inner 
lateral  surfaces  of  a  head  and  lips  of  the  rail  are  worn- 
out. 

Replacement  of  the  worn-out  rails  by  the  new  rails  is  an 
expensive  operation,  first  of  all,  because  of  their  large 
metal  content  and  cost.  Municipality  bears  larger  losses 
!  due  to  the  necessity  to  destroy  and  then  restore  road 
I  covering  and  interrupt  traffic  during  replacement  of 
I  worn-out  rails. 

I  The  channelled  rails  are  manufactured  mainly  from  ste- 
1  els  of  M-75  and  M-76  grades,  which  contain  up  to 
I  0.82  %  carbon  In  consumable-electrode  arc  surfacing 
i  of  the  lateral  surface  of  the  rail  the  carbon  content  in 
i  the  first  deposited  layer  can  reach  0.45  %.  To  avoid 
1  cracking  at  such  its  content,  the  surfacing  with  wires  of 
!  a  ferritic-pearlitic  class  is  usually  performed  using  pre- 
j  heating  up  to  350-400  "C  and  delayed  cooling. 

1  The  E.O.Paton  Electric  Welding  Institute  of  NAS  of  Uk¬ 
raine  has  developed  surfacing  of  rails  without  preheating 
owing  to  creation  of  a  sparsely-alloyed  flux-cored  wire 
of  the  austenitic  class  (PP-NP-GKhM  grade). 

According  to  the  data  of  "Kievelektrotrans"  the  average 
cost  of  one  replacement  of  rails  at  a  single-track  curve 
of  50  m  length  is  7000  US  dollars,  while  the  expenses 
for  surfacing  this  curve  are  expected  not  to  exceed  2000 
US  dollars. 

To  realize  the  technology  of  restoration  of  rails  at  the 
operating  tram  track,  the  Research  Center  "Arc'  at  the 
Paton  Institute  has  designed  and  manufactured  the  UD- 
654  type  machine.  It  is  made  in  the  form  of  a  self-pro¬ 
pelled  carriage  which  is  moved  along  the  rail  to  be  sur¬ 
faced  with  operating  and  travel  speeds.  Executive  mec¬ 
hanisms,  control  panel,  spare  wire  and  flux  are  located 
on  the  carriage. 

The  welding  circuit  is  supplied  from  a  diesel-generator. 
When  necessary,  two  rubberized  wheels  located  across 
the  rails  help  to  remove  the  machine  quickly  from  the 
track,  Surfacing  should  be  made  at  night,  not  to  interrupt 
the  tram  traffic.  The  works  are  performed  at  a  dry  we¬ 
ather  and  temperature  of  not  lower  than  10  ’C, 

In  the  T.G.Shevchenko  tram  depot  (Kyiv)  an  experimen¬ 
tal-industrial  trials  of  the  equipment,  technology  and 
materials  were  carried  out.  The  results  of  trials  showed 
a  good  quality  of  the  deposited  beads,  absence  of  pores 
and  cracks.  The  deposited  layer  did  not  require  the  post 
mechanical  treatment.  The  restored  region  was  put  into 
service  just  after  the  surfacing. 
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6oTaHHoro  ofiopyfloBai-inn,  Texub/iornn  m  MaTepnanoB, 

B  xofle  KOTopoR  oTweMeHo  xopoiuee  xabecTBo  nan/iaB- 
jieHHbix  oaBMKOB,  OTcyrcTBMe  nop  n  Tpeainn.  Hannae- 
/iSHHbifi  c/iofi  HeTpetDOBa/i  nocjieflyioLueM  wexaHMBec- 
KoCi  o6pa6oTKH.  BoccTaHOBBeHHbiii  yBacTox  6bLn  bbo- 
flen  B  3Kcn/iyaTaLinio  cpaay  nocae  Hanaaoxn. 
Marepnaabi,  Texuoaorna  n  o6opyflOBaHne  A.nq  Boccia- 
HOBaeHMf!  peabcoB  Heo6xoAHMbi  bo  Boex  ropoflax 
yxpaMHhi  n  CHr,  rfle  nweeTcq  TpawBanHoe  coo6[4eHne. 
ToabKo  B  yxpanHe  Taxnx  ropofloB  Hac-inTbiBaeTca  25, 
Caeflyer  oTMernTb,  mto  b  HacTonaine  Bpews  b  M3C  km. 

E.  O,  riaTona  pa3pa6aTb!BaeTca  npoBoaoxa  c{)eppHTHO- 
ro  xaacca,  xoTopaa  Taxxce  no3BoanT  BOCcranaBanBaTb 
TpaMBaMHbie  peabcbi  6e3  noflorpeoa.  npMMeneHne 
npoBoaoK  SToro  xaacca  HpeasbinaMHO  sawaHwnBO  n3- 
3a  MX  flOLUeBMSHbl. 

TEXHO/lorMHECKME  OCOBEHHOCTM  n/TA3IMA- 
MMr  HAnJHABKM.  B.  B.  Hi^rapsB,  K.  A.  KOHfipawoFS 
(PIpmsoB.  roc.  rexH.  yn-r,  r.  Mapnynonb,  VKpaiiHa). 
Cnoco6  naaswa-MUr  HaM6oaee  pacnpocTpaHen  b  Ba- 
piiauxe  HanaaBXM  saexTpoflOM  (npeMMyuj,ecTBeHHO  no- 
poBjKOBOM  npoBoaoKOM),  noflasaeMbiM  nofl  He6oab- 
UJMM  yraoM  x  ocm  oxotom  (naasweMHOM)  Ay™,  ropBiAeii 
c  HenaaBnuxerocq  saexxpoAa.  B  ropoM,  Menee  nayMen- 
Hofi  M  Maao  paonpocTpaneHHoK,  neaneTCfi  cxewa,  npM 
KOTopoM  naaBBiMMMCB  aaexTpoA  noAaeTcn  nepes  Bhiyr- 
peHHioto  noaocTb  HenaasninerocB  aaexTpoAa-  CnocoS 
naaswa-MHr  Moxcex  6biTb  oTHecen  x  AByxAyroBoii 
CBapxe  (HanaaBxe)  paaaMHnuMM  BMAawM  saexrpoAOB.  j 
Boaee  Toro,  b  nocasAneM  cxewe  Ha  noBepxnocTb  M3- 
fleawB  (eaHHbi)  nocneAOBaTeabHo  fioticTByKDT  xpM  Mc- 
TOMHMxa  Harpesa:  nepeAHMM  ynacTox  naasMenHOM  av™ 
nporpesaer  m  noAnaaeanGT  30ny  HanaaexM,  saxeM  npo- 
MCXOAMT  ripoueoc  naanaeHMB  ocHOBHoro  Msxaaaa  aV* 
roM  c  naaBFitnerocB  saexxpoAa  m  HaHecenne  pacnaae- 
aeiiHoro  saexxpoAHoro  waxepMaaa  m,  HaKOHeu,  Aonoa-  | 
HMxeabHbiM  noBxopubifi  Harpee  apbaprapAHbiM  yqacx-  ; 
xoM  naa3M9HHOM  AyrM.  flpM  3X0M  naasMeHHaq  AVra 
oMMUiaex  noBspxHocxb  AsxaaM  ox  okcmaob,  mohmsmpo- 
aanHbiM  miepxHbiM  raa  cxaSMaMSMpyex  xapaxxep  naas- 
aeHMB  naaBf)LHGrocB  saexxpoAa,  ycxoMHMBbiM  npopecc 
naaBaeHMB  nopoaixoBoi^  saexxpoAHOM  npoBoaoxM 
npoxexaex  npn  wenbujefi  naoxHocxM  xoxa,  m,  caeAoaa- 
xeabHo,  npM  MeiihiueM  AaBxieHMn  AyrM’  B  peayabxaxe 
3X0M  oco6eHHocxM  cnocofia  naaawa-MUr  HanaaBXM 
yMeHbiLiaexcB  ray6Miia  nponaaeaeHMB,  CHMxaexcn  ne- 
perpeB  xaneab  m  ncnapeHiie  KOwnoHeuxoB.  KpoMexo-  i 
ro,  BoaeyxAGHMe  AVrM  b  MOHMSMpoBaHHOM  ripocxpaH- 
cxse  npoMcxoAMX  6e3  pa36pb!3rnBaHMn. 
ycxaHOBaeHHbiG  oco6eHHooxM  xenaoaHeprexMHecxMX 
npopeccoB,  npoxexatomux  b  30He  ropeHMs  oQeiix  Ayr, 
Harpeea  m  riaaeaeHMfi  ochobhoxo  Mexaaaa  m  0opmm- 
poBaHMB  BaaMxa,  noxasbieaiox,  hxo  nepnoA  HaxoxcAS- 
HMH  h/iexanna,  yMaoxeyroiuero  b  o6pa30BaHMM  sa/tMxa 
(UJBa),  6oBee  npoAOAXMxeAbUbm,  hbm  npn  ApyrMX  py- 
roBbix  cnoco6ax  nan/iaBXM.  HanAaBAeHHwe  BaxinxM 
MMexjx  r/iaAxyio  noBepxHocxb,  6e3  cbbaob  HaxexaHMFi. 
PeHxreHODCKMM  KOHxpoBeM  ycxaHOB/ieHO,  hxo  b  onpe- 
ASAenHOM  AnanaaoHe  pexcMMOB  Ae^exxw  npaxxMBecxM 
oxc^'xcxBytox,  riopMcxocxb  MexaBr,a  Han/iasji6HHbix  oa- 
BMKOB  noBB/mexoB  xoBbxo  npM  napyujeHMii  onxMMaab- 
Horo  cooxHoiueHMB  ocHOBHbix  HapaMexpoB  pe>KMMa; 
xoxa  M  HanpaxeuMB  njiaswenHoi^  Ayrn,  a  xaxxe  AyrM, 
ropniusM  c  n/iasqmeronq  sjiexxpoAa.  Ha  xaMecxBo  nan- 
AaEXieHHoro  MsxaB/ia  BJinaex  pacxoA  nBa3Moo6pa3y- 
loujiero  n  3ai±iMXHoro  rasa. 


WELDED  STRUCTURES 


Materials,  technology  and  equipment  for  rail  restoration 
are  in  demand  in  all  cities  of  Ukraine  and  CIS,  where  a 
tram  transport  is  available.  Only  in  Ukraine  there  are  25 
such  cities. 

It  should  be  noted  that  the  Paton  Institute  is  now  deve¬ 
loping  the  wire  of  a  ferritic  class  which  can  also  be  used 
without  preheating,  The  application  of  wires  of  this  class 
is  rather  attractive  because  of  their  cheapness. 


TECHNOLOGICAL  PECULIARITIES  OF  PLASMA  MIG 
SURFACING.  V.V.Chigarev,  K.A.Kondrashov  (Priazov- 
sky  State  Technical  University,  Mariupol,  Ukraine).  The 
method  of  plasma-MIG  is  most  widely  spread  in  the 
version  of  surfacing  with  electrode  (flux-cored  wire  ma¬ 
inly)  which  is  fed  at  a  small  angle  to  the  axis  of  a  con¬ 
stricted  (plasma)  arc,  burning  at  a  non-consumable 
electrode.  In  the  second  scheme,  which  is  not  so  much 
studied  and  spread,  a  consumable  electrode  is  fed  thro¬ 
ugh  the  inner  cavity  of  the  non-consumable  electrode. 
The  method  of  plasma-MIG  can  be  referred  to  a  twin-arc 
welding  (surfacing)  with  different  types  of  electrodes. 
Moreover,  in  the  latter  scheme  three  power  sources  act 
on  the  surface  of  the  product  (pool)  in  succession:  front 
area  of  the  plasma  arc  heats  and  premelts  the  zone  of 
surfacing,  then  the  parent  metal  is  melted  with  an  arc 
from  the  consumable  electrode  and  the  electrode  metal 
is  deposited  and,  finally,  the  additional  reheating  by  a 
rear-guard  area  of  the  plasma  arc.  In  addition,  the  plas¬ 
ma  arc  cleans  the  surface  of  the  component  from  ox¬ 
ides,  The  ionized  gas  stabilizes  the  mode  of  melting  the 
consumable  electrode.  The  .stable  process  of  melting  of 
the  flux-cored  wire  occurs  at  a  lower  current  density,  and, 
consequently,  at  a  lower  arc  pressure.  Due  to  this  feature 
of  plasma-MIG  surfacing,  the  depth  of  penetration  is  dec¬ 
reased,  the  overheating  of  drops  and  evaporation  of  com¬ 
ponents  is  reduced.  In  addition,  the  arc  excitation  in  an 
ionized  spacing  occurs  without  spattering. 

The  established  peculiarities  of  the  heat-energy  proces¬ 
ses,  proceeding  in  the  zone  of  burning  of  both  arcs, 
heating  and  melting  of  the  parent  metal  and  the  bead 
formation,  show  that  the  period  of  metal  dwelling  for  the 
bead  (weld)  formation  is  longer  than  that  in  other  arc 
methods  of  surfacing.  The  deposited  beads  have  a  smo¬ 
oth  surface  without  the  traces  of  inleakage.  X-ray  ex¬ 
amination  showed  that  within  the  definite  range  of  con¬ 
ditions  the  defects  are  almost  absent.  The  porosity  of 
metal  of  the  deposited  beads  appears  only  when  the 
optimum  relation  of  main  condition  parameter  is  viola¬ 
ted;  current  and  plasma  arc  voltage,  and  also  an  arc 
burning  at  the  consumable  electrode,  Consumption  of 
plasma-forming  and  shielding  gas  influences  the  quality 
of  the  deposited  metal. 
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OBPABOTKA  BOCCTAHOBJlEHHblX  HAPbrnEHM- 
EM  M  HAnriABKOi^  flETAJlEM  MALUMH  MHCTPY- 
MEHTAMM  M3  nOBMKPMCTAPJIMHECKMX  CBEPX- 
TBEPAblX  MATEPMAJnOB.  A.  A.  LUynb'xeUKO,  C.  A. 
K/iHMeHKo.  K).  A.  MyKOBos  (Mh-t  cBepxwepflbix  Mare- 
pm/ioB  HM.  B.  H.  BfiKynft,  r.  Kmob,  VKpai^Ha).  PasBUTue 
rexHoJioruMGCKMX  npoLieccoB  HaneceHnq  nanococTofi- 
Knx  HanbineHHbix  m  HanaaB/ienHbix  noxpfaiTuR  no3Bo/iM- 
no  pa3pa6oTaTb  actJ^exTMBHbie  peoypcocfiepsratomMe 
cnoco6bi  ynpoHHeuMfi  HOBbix  m  BoccxaHon/iemiq  M3ho- 
aienHbtx  flejanefi.  OflHaKo  nsflenuB  c  noBepxHocTHUM 
c/ioew,  cctiopMuposaHHbiM  B  peay/ibTaje  npuMeHeHMB 
TGXHoaoruM  raaoTepMMMeGxoro  Hanbi/ieHMa,  naasMeH- 
HoCi  MBM  aaeiapo^iyroBOM  HanaaoKH,  Heo6xoflMMO  nofl- 
Bepraxb  MexannBecxoM  oSpaCoxxe  Ana  o6eoneMeHM9 
xpeSyeMbix  pasMepoB  m  noxasaxeneii  xaMecxsa.  Mano- 
cocxoMKne  noKpbixuB  BbicoKoii  xBepAOcxM  o6pa6axbi- 
BaWXCB  XpaAHI-iHOHHblMM  adpaSUBHblMH  n  pe>KyiUMMn 
MHCxpyMeHxaMH  c  MpeaBbiHaiiHo  HMaxoti  3({ict)eKXHB- 
Hocxbio.  Ma-aa  BbicoxMX  aaxpax  Ha  o6pa6oxK^'  hbm  He- 
B03M0)KH0cxn  o6ecneMeHHB  MexaHMMecKoti  o6pa6oxKH 
Aexaneii  c  xaKMMu  noKpbixHBMw  Han6onee  nepcnex- 
XHBHbie  M3HooocxoiiKMe  MaxepManbi  Mano  ncnonbay- 
lOXCB  B  npoMhiiuneHHocxM, 

B  MCM  HAH  yKpaMHbi  paapaGoxaHbi  cneuHaabUbie  mh- 
cxpyweHXbi  na  Saae  noanKpHCXcLnnHBecKMX  cBepxxsep- 
Abix  MaxepnaaoB  (HCTM)  Ha  ocHOBe  KydHHecKoro  hhx- 
pwAa  6opa  (KHB)  —  XMBopnxa  M  ero  MOAn4)HKaunH  — 

H  CMHxexHHecKoro  ajiMaaa,  Koxopwe  xopoujo  aapexo- 
MenAOBaaM  ceBs  npM  xobbhhm  h3hococxomkhx  Hanbi- 
jienHbix  n  HaniiaaaeHHbix  MaxepManoB  Bbicoxofi  XBop- 
AOCXM  {HRC  35. ..65).  npoBeASHHUM  KOMnnexc  Mccne- 
AoBaHMti  noKaaa/i,  mxo  DCTM  na  ocHOBe  KHB  Moryx  ; 
6bixb  ycneuJHo  McnoabsoBanbi  npH  ocHauienHH  asa-  } 
BMMHoro  MHcxpytvieHxa,  npeAHasHanenHoro  Ana  o6pa-  I 
60XKM  M3HococxofiKMX  noKpbixiiH  Ha  ocHOBs  .xcenesa  m 
HHKe.na  (nanpuMep  Hn-SSf,  nn-Hn-35B9X3C0,  JIC- 
5X4B3MCPC,  nr-10H-01,  nr-CP5,  nC-12HBK-01  H 
AP.).  MHcxpyMGHX  M.3cnHxexMHecKoroaHa/ii'i3anoKa3a.n 
nepcnexTHBHOcxb  ero  ripHMeneHUB  abb  o6pa6oxKM  na- 
nbmoHHbix  noxpbixMM  Ha  ochobs  xepaMUKH  (nanpHMsp 
AI2O3,  TiC  n  AP.)-  Mnorne  M3  xaxMX  noxpi.ixMM  panee 
o6pa6axbiDanMCb  xoAbxo  luniicpoBaHHeM. 

Abb  oBecneneHHB  acpcpeKXMBHoPi  m  npoMSBOAMxe/ibHOM 
o6pa6oxKM  HanbineHHbix  m  HannaBxieHHbix  M3AenMM 
paapaBoxanbi  paanwHHbiG  xoHcxpyxnMM  MHcxpyMSHxoB 
c  MexaHMHGCKMM  KpenjiGHMeM  MHororpaiiHbix  nenepe- 
xaMMBaeMbix  pexymMX  nnacxMH  (MHPn)  m3  nCTM. 
cpopMbi  M  XMnopasMepbi  nnacxMUhi  cooxBexcxsyiox 
cxaiiAapxy  ISO  1832... ISO  1985:  AMawexp  BnMcaHHoCi 
OKpyxHocxM  paBHBexcB  7,0---25,4  mm,  xonuiMHa 
2,38. ..4,76  MM.  flpM  Heo6xoAMMOCXM  MHPn  msioxob- 
xiBiox  M3XBepAoro  cnnaDa  0  snasiHbiMM  b  BepiiiMHbi  pa- 
6o4Mmm  sneMOHxaMM  m3  nCTM.  Ann  o6ecne4eHMB  pa- 
6oxocnoco6HocxM  MHCxpyMGiixa  Byc/ioBMBx  noBbiiiien- 
Hbix  xeMnepaxi'P  m  AMnaMMsecKMX  Harpyaox  a  xeMGHMe 
Bcero  nepnoAa  cxomkocxm  AepxaBxa  MHcxpyMGHxa  oc- 
HaiAGna  noAxnaAKOM  m3  xsepAoro  cnnaBa,  xoxopbiM 
xaioKG  apMMpoBana  conpMxacaioLAaacB  co  cxpy>KKOM 
Hacxb  npMxsaxa.  06pa6oxKa  rioxpbixuM  moxgx  npoM3- 
BOAMXbCB  Bcyxyio. 

Ox/iMHMxe/ibHOM  ocoBcHHooxbio  pa3pa6oxaHHoro  mhc- 
xpyMGHxa  BBJiflexcB  xo,  4X0  McrioBbaoBaxb  ero  mo)kho 
xax  npM  OKOimaxe/ibHOM  o6pa6oxKG  abb  nony4eHiiB  m3- 
Ae/iMB  0  HM3K0M  uiepoxoBaxocxbio  noBepxHocxM,  xax  m 


TREATMENT  OF  MACHINE  PARTS  AFTER  SPRAYINO 
AND  SURFACING  USING  TOOLS  OF  POLYCRYSTAL¬ 
LINE  SUPERHARD  MATERIALS.  A.A.Shulzhenko, 
S.  A. Klimenko,  Yu.A.Mukovoz  (V.M.Bakul  Institute  of  Su- 
perhard  Materials,  Kyiv,  Ukraine).  The  development  of 
technological  processes  of  depo.sition  of  wear-resistant 
coatings  by  spraying  and  surfacing  made  it  possible  to 
develop  the  effective  resource-saving  method  of  stren¬ 
gthening  new  parts  and  restoring  worn-out  parts.  How¬ 
ever,  the  products  with  a  surface  layer  formed  after 
using  the  technologies  of  thermal  spraying,  plasma  or 
electric  arc  surfacing,  should  be  subjected  to  machining 
to  provide  the  required  sizes  and  quality  characteristics. 
The  wear-resistant  coatings  of  a  high  hardness  are  tre¬ 
ated  using  the  traditional  abrasive  and  cutting  tools  of 
a  low  efficiency.  Due  to  high  expenses  for  treatment  or 
Impossibility  to  provide  machining  of  parts  with  such 
coatings,  the  most  advanced  wear-resistant  materials 
are  seldom  used. 

The  Institute  of  Superhard  Materials  has  developed  spe¬ 
cial  tools  on  the  base  of  polycrystalline  superhard  ma¬ 
terials  (PSHM)  using  cubic  boron  nitride  (CBN),  i.e.  cu- 
borite  and  its  modifications,  and  a  synthetic  diamond, 
which  proved  themselves  successfully  during  sharpe¬ 
ning  wear-resistant  sprayed  and  surfaced  materials  of 
a  high  hardness  (HRC  35-65).  The  series  of  investiga¬ 
tions  showed  that  PSHM  on  the  base  of  CBN  can  be 
successfully  used  in  cutting  edge  tools,  designed  for 
treatment  of  wear-resistant  coatings  on  the  base  of  iron 
and  nickel  (for  example  Np-65G,  PP-Np-35V9Kh3SF, 
LS-5Kh4V3MFS,  PG-10N-01,  PG-SR5,  PS-12NVK-01, 
etc.).  The  tool  made  from  the  synthetic  diamond  showed 
its  advantages  in  application  for  treatment  of- sprayed 
coatings  on  the  base  of  ceramics  (tor  example,  AI2O3, 
TiC,  etc.).  Many  of  such  coatings  were  earlier  treated 
only  by  grinding. 

To  provide  the  effective  and  efficient  treatment  of  sprayed 
and  surfaced  products,  different  designs  of  tools  v4th 
mechanical  fastening  of  many-facet  non-resharpening 
cutting  plates  (MNCP)  from  PSHM  were  developed.  Sha¬ 
pes  and  sizes  of  plates  correspond  to  the  standard  ISO 
1832-1985;  diameter  of  circumference  is  7.0-25.4  mm, 
thickness  is2.38— 4.76  mm,  When  necessary  the  MNCP 
are  manufactured  from  hard  alloy  with  top  brazed-in 
working  elements  from  PSNM.  To  provide  serviceability 
of  the  tool  under  the  conditions  of  high  temperatures 
and  dynamic  loads  during  the  whole  period  of  life,  the 
tool  holder  is  equipped  with  a  hard  alloy  lining  which  is 
also  used  for  reinforcing  the  part  of  the  clamp  which 
contacts  chips.  The  treatment  of  coatings  is  dry. 

The  developed  tool  can  be  used  both  at  a  final  treatment 
to  provide  the  product  with  a  small  roughness  of  the 
surface,  and  also  during  a  rough  treatment  when  the 
most  defective  and  rough  surface  layer  of  the  sprayed 
or  surfaced  coating  layer  Is  removed.  Tools,  equipped 
with  MNCP  can  treat  the  parts  with  sprayed  and  surfaced 
coatings  at  a  surface  roughness  up  to  =  0,7-1 .2,5  gm. 
The  structure  of  the  metal  being  treated  is  not  changed. 
Special  designs  ofthe  tools  have  been  developed  whose 
application  provides  the  surface  roughness  to 
R^  =  0.15-0.25  pm  during  sharpening  parts,  restored 
by  spraying  using  pov/ders  of  the  Ni-Cr-B-Si  system 
With  a  fusion. 

The  advantages  of  the  process  of  the  cutting  edge  tre¬ 
atment  of  sprayed  and  surfaced  coatings  of  high  hard- 
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B  ycJioBMFix  HepnoBoro  npoxofla,  Korfla  yfla/taercB  na- 
n6o/iee  flefjjeianbiti  n  HeposHbift  noBepxiiocTHbiCi  ciioR 
nanbi/ienHoro  hbm  Han.naB/ieHHoro  noKpbiTun.  MHCipy- 
MeHTbi,  ocHaineHHbie  nCTM,  noasojiBioT  o6pa6aTbi- 
Baxb  ASTajiM  c  HanbineHHbiMM  m  HanjiaaneHHbiMii  nox- 
pblTUBMM  C  LUepOXOBaXOCTblO  nOBepXHOCXM  AO 
/?a  =  0,70...  1,25  MKM.  B  noBepxHocxHOM  c/loa  noxpbi- 
XMB  o6ecneMHBaexcB  oxcyxcxBue  Ma.we'rieHUB  cxpyxxy- 
pb!  oOpaSaxbiBaeMoro  MaxepnaAa. 

Paapaeoxanbi  cneiJ,na.nbHbie  KOMCxpyKUMH  nHcxpyMoti- 
XOB,  npiiMeHeHne  Koxopwx  oSecne'uinaex  npw  xoHeHnn 
AGxaAeii,  BoccxanoBAeHHbix  HanbrneiineM  nopoiuxawi'i 
cncxeMbi  Ni-Cr-B-Si  c  onAaeBenneM,  nofiyMBHue  lue- 
poxoBaxocxM  noBepxHocxM  ao  R^  =  0,15. ..0,25  mkm, 
DpenMyunecxBa  npoAecca  /leaBMMHoil  o6pa6oxKn  Ha- 
nb!.nenHbix  m  HanflaB.neHHbix  noKpbixnfi  BbicoKoii  XBep- 
Aocxn  MHCxpyweHxaMH  m3  FICTM  no  cpaBHenMio  c  cy- 
utecxByiou^MMM  nponeocaMM  LiJ.nM(tioBaHMB  m  xoMeiiHB 
peBpaMM  H3  xsepAux  cn/iaBOB  paaaM'-iHbix  rpynn  aax- 
aioBaioxcn  b  xom,  hxo  mx  npuMeneHHe  o6ecneHMBaex 
noBbiiijenne  npon3BOAMxej)bHOCTi/i  oOpaSoxKii  coox- 
BexcxBBHHo  B  3... 4  n  4... 6  pas  npn  OAHOBpeMenHOM 
yBeaMMenni/i  cxomkocxm  HHCXpyMeHxa  b  7. ..10  pas,  no- 
jiyHeMMO  usAeriMM  c  xpe6yeMhiMH  cocxoBHiieM  nosep- 
xHocxHoro  cjioB  M  xo'Aiocxbio  o6pa6oxanHbix  ASTa/ieil, 
a  xaiOKG  CHMXfeHMD  CTOMMOCXH  o6opyAOBaHHB.  ripMMe- 
HeHMG  XaKOrO  MHCXpyweHXa  asst  BO3M0>!<HOCXb  HC- 
nojibaoBaxb  b  nponsBOAOxse  Asxanefi  waiunH  Han- 
SoAee  nepcneKXMBHbie  MaxepHaAbi  noKpbixuCi  n  xexHo- 
iioxHH  MX  (JiopMMpoBaHMq,  Mxo  oCecneHMBaex  BwcoKne 
aKcnByaxau,noHHbie  noKaaaxean  m  KonKypeHxocnoco6- 

HOCXb  COBpeMeHHOfi  XeXHMKM. 

COBEPUJEHCTBOBAHUE  TEXHOJlOrUM  ni1A3- 
MEHHOii  CBAPKM  UBt-THbIX  META/iJIOB  M 
CnOKHOJlErUPOBAHHblX  CH/iABOB.  1C.  R.  LUiti- 
LibiH,  lO.  M.  TbiTKi^H,  B.  lO.  mi^LibiH,  O.  A.  Koco/ianoB 
(Poe.  rexH.  yn-T,  r.  flepMh,  P<t>).  Cnoxa-ibie  yc/ioBnn 
SKcrmyaxauMM  esapHUX  KOHcxpyxuMM  (MMSKMe  m  buco- 
KOMe  xewnepaxypb!,  arpeccuBHbie  cpeAbi,  xaxeaoe 
MHoroocHoe,  a  aanacxyio  n  miK/iUHecKoe  narpyjKeHne, 
KOMOMHiipoBaHHoe  B0.3AeMcxBMe  HeOjiaronpMfiTHbix 
(paxxopoB)  npeA'bBBJiKtox  noBbimeHHbie  xpefioBaHMB  k 
KaMeersy  ceapHbix  aibob.  VAaMHoe  coHejauMe  bwcokmx 
3Ha4eHMM  MoiAHOcxM  M  KOHueHxpapMM  snepruM  b  exa- 

XOM  pyre  C  BOBMOXHOCXbKD  MCnOJIbSOBaHMfl  CBapOBHOro 

M  BcnoMoraxe/ibHoro  oSopyAOBaHun,  pa3pa6oxaMHoro 
abb  AyroBbix  cnoco6oB  cRapKM,  npeAno/iaraex  nepc- 
neKXMBHOcxb  npMMHHeHMB  nJiaaMSHMOM  cBapxM  abb 
npoMseoAcxBa  oxsexcxBeHHbix  CBapHbix  xoHCXpyKUMM. 
OMeSMAHO,  HXO  nOBblLUeHMe  npOMSBOAMXeBbHOCXM  CBa- 

po'-iHbix  npopeccoB  npn  sbicoKOM  Kaneexee  ceapHbix 
UIBOB  CBBSaHO  C  paspaOoTKOM  KOMOni-IHpOBaHHblX  cno- 
C060R,  npeAyoMaxpMBatotAMX  ncnoBbsoBaHne  Asyx  m 
6onee  mctobhmkob  narpeoa  b  sous  ceapKM. 
riBaaMeHHaB  cBapxa  nBaBBiuMMCB  sbbkxpoaom  npeA- 
noBaraex  MHoroBapManxHocxb  xexHOBornBecKMx  npM- 
eMOB.  fAySHHa  nponBaoBeHMA  cBapHBaeworo  wexaB- 
Ba,  4)opMa  nepeHooa  paenBaeBeHHoro  MexaBna  obsk- 
xpoAa,  CKopocxb  esapKM,  (JjopMa  HanBaBBenHoro  oa- 
BMKa  lUBa  saBMCBX  ox  SoBbUJoro  KOJiMBecxsa  napaMex- 
poB,  Koxopbie  ycBOBHo  MoxcHO  pa36MXb  Ha  reoMexpu- 
MGCKMe,  onpeAeBBOMbie  KOHCxpyKAneM  nnaaMoxpoHa  m 
xexHOBorMHecKMe.  AexopaMM  paspaOoxanbi  pexMMbi 
nBa3M9HHOM  CBapKM  n/iaBBiAMMCB  SBeiapoAOM,  o6ec- 


ness  using  tools  of  MNCP  as  compared  with  existing 
processes  of  grinding  and  sharpening  with  cutters  of 
hard  alloy  of  different  groups  are  characterized  by  the 
fact  that  their  use  increases  the  efficiency  of  treatment 
3-4  and  4-6  times,  respectively,  at  a  simultaneous  in¬ 
crease  of  the  tool  life  7-10  times,  provides  products 
with  a  required  condition  of  the  surface  layer,  accuracy 
of  the  treated  parts,  and  also  decreases  the  cost  of 
equipment.  The  application  of  this  too!  gives  an  oppor¬ 
tunity  to  use  the  most  advanced  materials  of  coatings 
and  technologies  of  their  formation  in  the  manufacture 
of  the  machine  parts,  that  provides  high  service  char¬ 
acteristics  and  competitiveness  of  the  advanced  engi¬ 
neering  products. 


IMPROVEF^ENT  OF  TECHNOLOGY  OF  PLASMA 
WELDING  OF  NONFERROOS  METAL  AND  COMP¬ 
LEX-ALLOYED  ALLOYS.  Yu.D.ShchItsyn,  Yu.M.Tytkin, 
V.Yu.Shchitsyn,  O.A.Kosolapov  (State  Technical  Univer¬ 
sity,  Perm,  Russia).  Complicated  conditions  of  service 
of  welded  structures  (low  and  high  temperatures,  ag¬ 
gressive  media,  heavy  multiaxial,  and  also  often  cyclic 
loading,  a  combined  effect  of  unfavourablefactors)  spe¬ 
cify  strict  requirements  to  the  weld  quality.  A  favourable 
combination  of  high  values  of  power  and  concentration 
of  energy  in  a  constricted  arc  with  a  feasibility  of  using 
welding  and  auxiliary  equipment,  developed  for  the  arc 
method  of  welding,  promotes  a  promi.sing  application 
of  the  plasma  welding  for  manufacture  of  critical  welded 
structures. 

It  is  evident,  that  the  increase  in  the  efficiency  of  welding 
processes  at  high  quality  of  welds  is  associated  with  the 
development  of  the  combined  methods  using  two  or 
more  heat  sources  in  the  zone  of  welding. 

The  consumable  electrode  plasma  welding  suggests 
mullivariance  of  technological  procedures.  The  depth 
of  penetration  of  metal  to  be  welded,  mode  of  a  molten 
electrode  metal  transfer,  speed  of  welding  and  shape 
of  the  deposited  weld  bead  depend  on  a  large  number 
of  parameters,  which  can  be  divided  conditionally  into 
geometric  parameters,  determined  by  the  plasmatron 
design  and  technological  parameters.  The  authors  have 
developed  the  conditions  of  the  consumable  electrode 
plasma  v/elding  which  provide  defect-free  welds  with  a 
preset  size  at  high  speeds  (>  100  m/h)  and  thickness 
of  up  to  1 5  mm  per  one  pass  without  edge  preparation 
and  of  more  than  20  mm  with  an  edge  preparation. 
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ne^MBaiomMe  6e3fle4)eKTHbie  cBapubie  lUBbi  c  aaflan- 
HblM  paSMepOM  npM  60/lbliIMX  CKOpOCTU  (>100  m/h)  m 
To/iuj.MHe  cBapMBaeMoro  MeTaa/ia  aa  oflun  npoxofl  6e3 
pasfle/iKM  KpOMOX  —  AO  15  o  paSAS/lKOM  xpoMox 
— 6o/iee20MM.  B3aoMCMMOCTHOTTpe6oBaHHM  KCBap- 
Howy  LUBy  npouecc  mojkho  ocymecTBriBTb  oSecToaeH- 
HOM  ripOBOJlOKOM,  TOKOBRAymeM  lipOBO/IOKOpi  C  pa3/lMM- 
HOM  cJjopMoti  nepsHoca  a/ieicrpoAHoro  wexanaa,  sar- 
ay6aeHHOM  AyroO  c  naaoRiAerocFi  saeKrpoAa,  nyabcu- 
pyraiURM  OKaxoM  Ayoil  n  c  noAaaeM  flonoaHMxeabnoR 
npucaAO'iHoPt  npoBoaoKM. 

PaapaSoxaH  cnoco6  naasMenKofi  CBapxn  riponHKaiotAeti 
AyroM  c  oAHOBpRMRHnoii  ncAaneii  npiicaAOMHoti  npoeo- 
jiOKM,  o6ecne'iMBaioi4MM  coMexanne  npeiiMyiARCXE  ceap- 
Kw  npoHMKatou4efi  Ayroii  c  noAyHenneM  iubob  c  Heo6xo- 
AHMoii  BbinyKBOcxbio  603  AonoanMxeabHoro  npoxoAa.  Yc- 
XaHOBARHbl  (t)aKXOpbl,  BAMBIOiUMe  Ha  KaHeCXBRHHOe  (}>op- 
MnpoBai-ine  Luea  npH  noAaHe  npMcaAOHHOH  npoBonoxH. 
OnpeAeaeHbi  onxHManbUbie  paxcHMU  csapKM  h  oco6en- 
HOGXH  noAaHH  npMcaflo'iuoM  npoBOJioKH,  o6ecneHMBa- 
lomwe  KaMecxaeHHbie  ceapHbie  ujobi  npH  BbicoKoti  npo- 

M3B0AHXeabH0CXM  CBapKH  aaiOMMHMeBblX,  XMXaHOBbIX  M 
caoxHoaerapoBaHHbix  cnaaHOB  xoam,MHOH  ao  10  mm. 
rijiasMeHHafi  cBapxa  npoHMKaroLuefi  Ayofi  c  OAHOspe- 
MRHHoPi  noAB'iePt  ripMcaAOMHoti  npoBoaoxH  nosBOBBRX 
noayHaxb  cBapubfe  oiBbi  c  oAHopoAHbiM  MRxaajioM  no 
CeneHHIO  UJSa  M  OAMHaKOBblMM  C  OCHORUblM  MeXaBJlOM 
MeXaHlIHRCKMMH  CBoRcXBaMH  BCJIRACXBHB  aKXHBHOrO 

nepeweiUMBaHHB  ochobhoxo  m  npMcaAOHHoro  Mexaaaa 

B  XBOCTOBOii  MaOXH  CBapOMHOM  BaHHbl. 

PaapaOoxKa  m  npHMeneHiie  KOM6nHMpoBaHHbix  cnoco- 
6ob  njiaaMRHHOH  csapKH  nosBoanx  noayiaxb  6e.3Ae- 

Ct)eiCTHbie  LUBbI  npH  BbICOKOH  npOHSBOAMXejIbHOCXH  H 
9K0H0MMHH0CXM  npOURCCOB. 

TEXHO/lorHR  nPOM3BOACTBA  CBAPHO-HAS?- 
HblX  BbICOKOHArpyXCEHHbIX  PAEOHMX  KO/TEC 
LlEHTPOEEXfHblX  KOMPIPECCOPOB.  K.  A.  lOuten- 
KO,  A.  A.  BoHflapea,  T.  M.  CrapyujenKO  (Mh-t  aneKT- 
pocBapm  i^M.  E.  O.  PaTOHa,  r.  Kmn,  VKpama),  B.  H. 
PaflsmBCKHPi  (HMH  KoMnpeccopMaus,  r.  CyMbf,  VKpa- 
HHB),  r.  M.  UJeneHKOB  (AO  «HnO  HM.  M.  B.  0pyH3e», 
r.  CyMbi,  VKpama).  B  nocaeAHee  bprmb  yBeanHnaocb 
npHMeHRHMe  ARHxpofiexHbix  KOMnpeccopoB  B  sKepre- 
XHKR,  XMMHHecKoii,  HetpxBHOH,  MexaaayprHHGCKOH  npo- 
MbiujaGHHOcTBX  M  AP-  3to  oSycaoBaRHo  B  nepeyio  omr- 
peAb  xeM,  Hxo  neHxpoCiexMbiH  Kownpaccop  oxMMaGX  ra3 
BSoabiuoM  Koaii'iecxBe,  HesarpasHBexerocMasoHUbiMM 
BeiAecxBaMM  h  hg  xpeOyex  6oabUJHX  sKcruiyaxauHOHHbix 
aaxpax.  Paou.iMpenne  o6aacxeH  npHMeHeHna  peHxpo- 
6e>KHbix  KOMnpeccopoB  h  6oabUJMe  BpeMRHHbie  narpya- 
KH  B  npoueoce  sKcnayaxam/iM  noxpe6oBaLnn  AaabHetiuje- 
roycoBepLuencxBOBaHMfl  h  noBbioieHHB  naAexuocxH  ox- 
AeabHbix  ero  HacxeM. 

HaAe>KHocxb  M  AoaxoBRMHOcxb  neHxpo6ex<Horo  komr- 
peccopa  BO  MHoroM  saaMCHX  ox  conpoxuBaeiiHB  3Ha- 
KonepeMRUHbiM  narpyaxaM  m  ypoBHB  ycxaaocxHOH 
npoHHocxM  Maxepna.na,  a  xaioxe  ox  cocxobhhb  coram- 
HRHHM  HawSojiee  HarpyxeHHWX  aAGMRHXOB  KOMnpec- 
copa,  B  nepByio  onepeAb,  ero  pa6oHero  Koaeca,  koxo- 
poeBBAlieXCB  OCHOBHhIM  RBeMeHXOM  npOXOHHOM  MaCXH 
AeHxpo6e>KHoft  KOMnpeccMOHHofi  MaiUMUbi. 

B  LieH  rpo6e>KHb!x  KOMnpeccopax  6oabLUOH  moluhocxm, 
KaK  npasMBo,  npHMeHfimoB  pa6o'ine  xoaeca  aaKpbixo- 
ro  XHoa,  cocxoBiUHe  M3  AByx  ahckob  (ocHOBHoro  h  ook- 
pbiBaiomero),  Mexc^y  xoxopbiMM  HaxoABXCB  JionaxKH. 


Depending  on  tlie  requirements  to  the  weld,  the  process 
can  be  performed  with  a  dead  wire,  a  current-carrying 
wire  at  different  mode  of  the  electrode  metal  transfer, 
with  an  immersed  arc  from  the  consumable  electrode 
pulsed  constricted  arc  and  with  a  filler  wire  feeding. 
The  method  of  a  plasma  welding  with  a  penetrating  arc 
with  a  simultaneous  feeding  of  the  filler  wire  has  been 
developed,  that  provides  a  combination  of  advantages 
of  welding  with  a  penetrating  arc  with  producing  welds 
of  a  required  convexity  without  an  additional  pass.  Fac¬ 
tors  are  established  that  influence  the  quality  formation 
of  welds  with  a  filler  wire  feeding. 

Optimum  conditions  of  welding  and  peculiarities  of  filler 
wire  feeding  are  determined,  which  provide  the  quality 
welds  and  high  efficiency  of  welding  aluminium,  titanium 
and  complex-alloyed  alloys  of  up  to  10  mm  thickness. 
The  plasma  welding  with  a  penetrating  arc  with  a  simul¬ 
taneous  feeding  of  a  filler  wire  makes  it  possible  to  pro¬ 
duce  welds  of  a  metal  similar  in  weld  section  and  equal 
to  parent  metal  by  the  mechanical  properties  due  to  an 
active  stirring  of  parent  and  filler  metal  in  the  weld  pool 
tail  part. 

Development  and  application  of  the  combined  methods 
of  the  plasma  welding  can  provide  defect-free  welds  at 
a  high  efficiency  and  cost  effectiveness  of  the  proces¬ 
ses. 


TECHNOLOGY  OF  MANUFACTURE  OF  BRAZED - 
WELDED  HEAVY-LOADED  IMPELLERS  OF  CENTRI¬ 
FUGAL  COMPRESSORS.  K.A.Yushchenko,  A.A.Bon- 
darev,  T.M.Starushchenko  (E.O.Paton  Electric  Welding 
Institute,  Kyiv,  Ukraine),  V.M.Radzievsky  (Nil  Kompres- 
sormash,  Sumy,  Ukraine),  G.M.Shelenkov  (JSC 
"M.V.Frunze  NPO”,  Sumy,  Ukraine).  Over  the  recent 
years  the  application  of  centrifugal  compressors  in 
power  engineering,  chemical,  oil,  metallurgical  indust¬ 
ries  and  other  branches  of  engineering  is  increased. 
This  is  explained,  first  of  all,  by  the  fact  that  the  centri¬ 
fugal  compressor  compresses  the  gas  in  a  large  amo¬ 
unt,  does  not  contaminate  it  with  grease  elements  and 
requires  small  service  expenses.  The  widening  of  bran¬ 
ches  of  application  of  centrifugal  compres.sors  and  long¬ 
time  loads  during  service  required  further  Improvement 
and  increase  in  reliability  of  its  separate  parts. 
Reliability  and  long  life  of  the  centrifugal  compressor 
depend  greatly  on  the  resistance  to  alternate  loads  and 
the  level  of  fatigue  strength  of  the  material  and  also 
joints  of  the  most  loaded  elements  of  the  compressor, 
first  of  all,  its  impeller,  which  is  the  main  element  of  a 
flow  passage  of  the  centrifugal  compression  machine. 
In  high-power  centrifugal  compressors  the  closed-type 
Impellers,  consisting  of  tv\.'o  discs  (main  and  covering) 
are,  as  a  rule,  used.  The  blades  are  located  between 
them.  Many  methods  and  technologies  of  manufacture 
of  the  compressor  impellers  are  known;  casting,  elect¬ 
ric-spark  treatment  of  interblade  spacings,  application 
of  riveting  of  the  covering  disc  to  the  main  disc  with 
integral  blades,  processes  of  welding  and  brazing  with 
solid  brazing  alloys  for  securing  the  discs. 
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CBAPHblE  KOHCTPyKLjMM _ 

H3Bf3CTHbi  MHorne  cnoco6bi  M  TexHO/iorwM  naroTOE/ie- 
HM3  pa6o4MX  KO/Hec  KownpeccopoB:  nocpeflCTBOwi 
/iMTbB,  3/ieKTpoMCKpoBoti  o6pa6oTKM  MexnonaxoMHbix 
npocTpaHCTB,  nyreM  npuMeneHns  K/ienx^i  noKpbiBaio- 
mero  flMcxa  KOCHOBHOwy  Ancxyc  uejibHO(J)pe3epoBaH- 
HbiMM  nonaTxaMM,  npopeccoB  cBapxM  mbm  rtaMKii  Tsep- 
AbiMH  npMnoBMM  A-nwi  KpenasHHB  auckob. 

noBbiaieuMB  CTaTWMecKofi  m  AHHaMMBGCKOM  npoM- 
HOCTM  Ko;iec,  yaeai'i^GHUB  npoAO/PKnre/ibHocTu  nx  ax- 
cn/iyaTapuM  m  AocTM>KeHMB  cBepxBucoKMX  cjeneHen 
cxaTMB  npn  naroTOB/ieHMM  paSoBnx  xoaec  i^cno/ibaytoT 
BbICOKOnpOHHbie  M  KOppO3HOHHO-CT0MKHe  CTaJIM,  HTO 
Tpedyer  hobbix  poaxoaob  xax  b  TexHoaormi  mx  H3ro- 
TOB/ieHMB,  rax  b  Bbi6ope  MaTepnanoB. 

TexHo/iorxiB  naroTOBJieHWB  pa6oHnx  Ko/iec  Bioito^aeT 
KOM6MHauMHD  cnoco6oB  cBapxM  M  naJiKH  fpia  xpen/ie- 
HMB  ocHOBHoro  M  noKpbtBaHDLuero  auckob.  Ha  nepsoM 
axane  npiiMeHaeTCB  s/ieKTpoHHO-ayHeBaa  CBapxa  nox- 
pblBa^oa^e^o  Ancxa  nocpeACTBOM  HanoxceHHB  npopea- 
Hbix  lUBOB  K  jionaTxaM  ocHOBHoro  Ancxa.  C  noMouj,bio 
nporpaMMupoBaHMB  napaMexpoB  pexuMa  nponsso- 
AMTCB  npon/iaB/ieHne  /lonarxn  ne  weHee  new  wa  2/3  ee 
ToamuHbi  B  wecie  xoHTaxra  c  ^oxpblBatoa^nM  amcxom. 
06ecneHeHMe  paBHonpo'iHoro  TaspoBoro  coeAHHeuMB 
AocTHraercB  na  sTopoM  axane  TexHoaornMecxoro  pnx- 
jia,  KorAa  HenposapeHUbie  yaacTXH  aonaTox  coeAHHB- 
K)TCB  c  noKpbiBaiou;MW  A^cxoM  npunoGM  npn  naRxe  b 
BaxyyMHofi  neHM. 

fl/iB  npnAaHWB  rasosbiM  xaHaaaw  xoxiec  HaiiSoiiee  3$- 
(pexTUBHOM  rasoAHHawnHecxoPi  tt)opMbi  nepep  naiixofi 
8  yraax  TaspoBoro  coeAHHeuMB  pasweinaioT  MeiaBJin- 
BecxMii  nopoujox.  flocae  nponurxn  nopouuxa  pacn/iae- 
jieHKb'M  npunoBM  (popwiipytoTCB  ranieBM  paAnycoM 
5...  10  MM  H  npM  STOM  yCTpaHBIOTCB  XOHMeHTpaTOpbl 
Hanpaxeimw. 

B  yCJlOBHBX  npOH3BOACTBeHHOro  OCBOeHBB  AaHHofi 
TexHoaornn  pa6oHMe  xoaeca  AnaMexpoM  850  mm  vts- 
roToeaq/iH  M3  cra/iM  07X1 6H6.  HpMsapxy  noxpbiBax)- 
tuero  Ancxa  Toaiu,MHOM  20  mm  BbinoBHoan  na  saexT- 
ponHO-jiyneBOM  ycTanoBxe  or  MCTOMHMxa  nuxaHHB  cyc- 
Kopaiouji,MM  HanpBxenMeM  60  xB.  nanxy  ocyiuecTB/iB/in 
B  BaxyyMB  npMnoeM  Ha  MeAHO-HUxejieBOM  ocuose  npM 
TeMnepaxype,  npeBbiujaiou^ePi  XBMnepaxypy  aaxaaxM 
cxa/iM  07X1 6H6.  flocBe  6a;iaHCMpoBKM  xojieca  noABep- 
raBM  pasroHHbiM  McnbixaHMBM  npw  Hacxoxe  BpaateHMa, 
Ha  10...  15  %  npeBbiiuaroiAeri  pa6o4yK3  cxopocxb  Bpa- 
meHMB  poxopa. 

PaapaSoxanHaa  b  HncxMxyxe  siiexxpocBapxM  mm.  E.  O. 
riaxoHa  xexHOJiorMB  MsroxoB/ieHMB  cBapHO-nasHbix  bu- 
coxonarpyxeHHbix  paSoHMX  xo/iec  AeHxpo6exHbix  xom- 
npeccopoB  ocBOGHa  Ha  AO  «Hno  mm.  M.  B.  <t)pyH3e>> 
B  r.  CyMbi. 

CBAPKA  BblCOKOJIErWPOBAHHblX  CTAJIEf^  M 
HMKEJIEBblX  Cn/IABOB  C  MCnOJlbSOBAHMEM 
AKTMBMPyiOlUMX  O/IIOCOB.  K.  A.  lOmeHKO,  M.  B. 
KoeaneHKO,  H.  B.  KoBanemo,  B.  A.  PecroB  (Rh-t  siteK- 
TpoceapKH  BiM.  E.  O.  ParoHa,  r.  Kms,  yKpaMHa).  Paa- 
pa6oXaHbl  M  nO/iyHM/lM  IJUMpOXOe  npMMGHGHMG  a.3po- 
30JibHbie  axTMBaxopbi  cepMM  nATHT.  FlpuBOAfixcs?  cee- 

AGHMB  O  B03MOXHOCXnX  CBapXM  BblCOXO.nerMpOBaHHblX 
CXaUGM  C  5...  25  %  XpOMa,  XpoMOHMXeBGBblX  CXaJlGM 
MapxGHCMXHoro  H  ct^GppMXHoro  xnacca  c  coAepxaHMGM 
HMxe/in  AO  45. ..50  %,  cn/iaeoB  Ha  ochobg  hmxgbb,  xo- 


To  increase  the  static  and  dynamic  strength  of  impeiiers, 
to  increase  their  service  life  and  achieve  the  superhigh 
compression  levels,  the  high-strength  and  corrosion- 
resistant  steels,  which  require  new  approaches  both  in 
technology  of  their  manufacture  and  selection  of  mate¬ 
rials  are  used  in  manufacture  of  the  impellers. 

The  technology  of  manufacture  of  impellers  includes  the 
combination  of  methods  of  welding  and  brazing  for  fas¬ 
tening  main  and  covering  discs.  At  the  first  stage  the 
electron  beam  welding  of  the  covering  disc  by  deposition 
of  slot  welds  to  the  blades  of  the  main  disc  is  used.  With 
programming  the  condition  parameters  the  blades  are 
melted  to  not  less  than  2/3  of  their  thickness  in  the  spot 
of  contact  with  the  covering  disc.  The  strength  of  the 
T-joint  is  attained  at  the  second  stage  of  the  technolo¬ 
gical  cycle,  when  the  non-penetrated  regions  of  the  bla¬ 
des  are  joined  with  a  covering  disc  using  a  brazing  alloy 
by  brazing  in  the  vacuum  furnace. 

To  impart  an  effective  gas-dynamic  shape  to  the  impeller 
gas  channels  before  brazing  a  metallic  powder  is  placed 
in  the  fillets  of  the  T-joint.  After  powder  impregnation 
with  a  molten  brazing  alloy  the  fillets  of  5-10  mm  radius 
are  formed  and  the  stress  raisers  are  rem.oved. 

In  the  conditions  of  industrial  mastering  of  this  techno¬ 
logy  the  impellers  of  850  mm  diameter  were  manufac¬ 
tured  of  07Kh16N6  steel.  The  welding-on  of  the  20  mm 
thick  covering  disc  was  made  in  the  electron  beam  equ¬ 
ipment  supplied  from  a  power  source  with  60  kV  acce¬ 
lerating  voltage.  The  brazing  was  performed  in  vacuum 
using  a  brazing  alloy  on  copper-nickel  base  at  a  tem¬ 
perature  that  exceeds  the  temperature  ofthe07Kh16N6 
steel  hardening .  After  balancing ,  the  impellers  were  sub¬ 
jected  to  running  test  at  the  rotation  frequency  excee¬ 
ding  by  10-15  %  the  working  speed  of  the  rotor  rotation. 
The  technology  of  manufacture  of  brazed-welded 
heavy-loaded  impellers  of  centrifugal  compressors  de¬ 
veloped  at  the  E.O. Baton  Electric  Welding  Institute  was 
implemented  at  JSC  '‘M.V. Frunze  NPO”  in  Sumy  city. 


WELDING  OF  HIGH-ALLOYED  STEELS  AND  NICKEL 
ALLOYS  USING  ACTIVATED  FLUXES.  K.A.Yushchen- 
ko,  D.V.Kovalenko,  I.V. Kovalenko,  V.A.Pestov  (E.O. 
Paton  Electric  Welding  Institute.  Kyiv,  Ukraine).  Aerosol 
activators  of  the  PATIG  series  have  been  developed  and 
found  a  wide  application.  Information  about  the  feasibi¬ 
lity  of  welding  of  high-alloyed  steels  with  5-25  %  Cr, 
chrome-nickel  steels  of  a  martensitic  and  ferritic  class 
with  a  nickel  content  of  up  to  45-60  %  and  alloys  on  the 
base  of  nickel,  cobalt  and  copper  is  given.  Theoretical 
problems  of  interaction  of  the  “activator-^arc-pool”  sys- 
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6ajibTa,  PaccMarpuBaioTCfl  TeopexMMecKHG  oon- 

pochi  BaaMMOAfiMCTBuq  cMCTeMbi  aKTMBaTop-flyra -Ban- 
Ha.  ripnBOflBTCsi  flaHHbie  o  csapKe  c  McnojibaoBaMneM 
aKTHBajopoB  cepi^H  DATUr  HOBbix  enflOB  KOHCTpyKAwii 
flBB  TenJioBoCi  w  aTOMiioCt  sHepreTHxn,  xMMMMGCKoro  m 
netlJTflHoro  MaiiiMHOcTpoeHMB,  aBnaKocMHMecKoti  rex- 
HMKU.  noKaaaHa  BbicoKan  a(i)ct)eKTHBH00Tb  McnoAbao- 
BaHna  aKTneaTopoB  flATMT  npH  BbinoAneHHM  peMOHT- 
Hbix  pa6oT,  axaKxe  npn  npHMeHeHMM  KOM6nHnpoBaH- 
HblX  npOLieCCOB  CBapKH, 

n/IA3MEHHO-nOPOlJJKOBAfl  CBAPKAMETrAn/lM- 
HECKMX  M  K0Mn03MLlM0HHblX  MATEPMAHOB. 

K.  A.  lOmeHKO,  B.  C.  CaB'^eHKo,  A.  A.  HaKone^nbm  (Hh-t 
aneKTpocBapm  hm.  E.  O.  ParoHa,  r.  Kpibb,  VKpantHa). 
flyronaB  cBapxa  paoxoflyewbiM  aAeicrpoflOM  Mweex  or- 
pauMHeiiHoe  npHMSHeHHG,  oco6eHHO  Korfla  Heo6xoflH- 
Mo  coeflUHflTbTpyflHocBapMBaeMbie  MeraAAbi  mam  kom- 
n03MTbl  CO  CAOJKHOM  CMCTeMOM  AerMpOBaHHB  M  CTpyK- 
rypoii.  B  3T0M  cAynae  npaKTMMecKM  HeB03MO)KHo  no- 
AyMMTb  cBapOHHyio  npoBOAOxy,  mto  cBBaano  neioAbKo 
cTpyflHOCTbK)  BbinAasKM  MeraAAa,  ho  n  c  ocymecTBAe- 
HMOM  Bcex  CTaAMR  o6pa6oTKM  (KOBKa,  npOTSPKKa,  3KC- 
TpySMB,  BOAOMeHMe).  AaA  CBapKM  MCnOAbSyKJT  nopoai- 
Konyio  npHcaAKy  b  nopooiKOBbix  npoBOAOKax. 
npHMOHenne  nopouixoB  pasAMMUbix  cocTasa  m  rpany- 
ABAMM  (xax  MOTaAAMMecKMX,  Tax  M  KOMnoaMUHOHHbIX)  B 
BMAe  MexaHM'iecKMX  CMecci^  noasoAMAO  noAynaTb  nox- 
pbiTMB  c  HanepeA  aaAanHbiMM  (pyHXHMOnanbHbiMM 

CBOMCTBaMM. 

B  M3C  MM.  E.  O.  naTOHa  BbinoAHeH  amka  pa6oT  no 
npMMenenMio  nopoujxoB  aab  cBapoHHbix  pa6oT.  Hc- 
noAbaoBaH  cnoco6  nAaaMeHHO-nopoiuxoBOM  csapxM, 
npH  xoTopoM  nopoLuoK  noAaoTCB  b  naaaMy,  aanoAnneT 
pasASAxy  m  TaxMM  oSpaaoM  o6ecneMMRaeTCFt  nonyae- 
HMe  xaMecTBeHHoro  csapHoro  coeAMHOHMA.  flpouecc 
nponepGM  npM  MoxanMaMpoBanHOM  m  pyiHovi  csapxe 
MSTaAAa  toaU-IMHoO  1  ...50  mm  na  Toxax  ot  10  ao  500  A. 
MayweMbi  ocoSeHHooTM  (popMMpoBaHMB  coeiAMnenMd 
npM  CBapxe  cTaAeCi  paaAMHHbix  Mapox,  b  tom  mmcao 
BbICOXOAerMpOBaHHbIX  cnAaBOB  Ha  OCHOBe  HMXOAB,  xo- 
OaAbTa,  MGAM,  aAlOMMHMB,  TMTaHa.  XopoiJJO  CBapMSa- 
(OTCB  ayryH,  axaioxe  BbicoxonpoMnue  ctaam.  flooraTOH- 
Ho  Aerxo  noAyMMTb  csapHbie  cogamhohma  Ha  MGxanAe 
cnocoOoM  nopoujKoBotl  MexaAAyprMM,  xoxopbiM  mo)kgt 
OCymeCTBAAXbCA  bo  BCGX  npOCXpaUCTBGHHljlX  nOAOXCG- 
HMAX.  yHMBGpCaAbHOGTb  cnOC06a  M  UJMpOICMG  B03M0)K- 
HOCTM  BapbMpOBaHMA  COCXaBaMM  npMCaAOHHbIX  no- 
polUKOB  OTXpblBatOX  HOBbIG  B03M0>XH0CTM  nOAyHGHMA 
HepaabGMHWX  cogamhghmm  MexaAAMHecxHX,  KOMnoaM- 
MMOHHblX  M  XepaMMHGCKHti  MaXGpMaAOB. 

TEXHO/lorMfl  PEMOHTA  COnJIOBbIX  /lOHATOK 
rTfl.  B.  C.  PbinbHMKOB  (rn  mu  «BMAM»,  r.  Mockbs, 
P0),  A.  n.  LUaroB,  B.  H.  Lfapea  (rvn  TMKB  «Coia3»). 
Pa3pa6oTaHa  xexHOAorMA  BoccxaHOBACHMA  Aonaxox 
conAOBbix  annapaxoB  (CA)  fTfl  MaxaponpoMHoro  cnAa- 
Ba  Ha  HMKGAGBOM  OCHOBG  TMOa  XC6K  C  npHMeUGHMeM 
naMKM  B  BaxyyMHoii  nenM. 

PeMOHxy  nofiAGxax  AonaxxM  c  GxcnAyaxauMOHHbtMM 
noBpe>KAeHMAMM  nepa,  noAOX  b  BMAexpeiAMH,  aaOoMH, 
MGCTHoro  oOropaHMA  M  APyrMX  Afi't'exTOB. 

OxOpaxoBKa  Aonaxox  npM  pgmohxg  mmggt  oxHocMXGAb- 
HO  BbICOKMM  ypOBGHb,  MXO  Bbl3blBaGX  HGoOxOAMMOCXb 
MarOTOBAGHMA  HOBbIX  AOnaXOK,  a  3X0  CymeCTBGHHO  no- 
Bbiiuaex  cxoMMocTb  pGMOHxa.  AxxyaAbHocTb  paapadoT- 
KM  AaHHOM  XeXHOAOrUM  peMOHXa  oSyCAOBAGHa  B03- 


tem  arG  considGted.  ThG  data  are  given  about  welding 
of  the  new  types  of  structures  for  heat  and  nuclear  power 
engineering,  chemical  and  oil  machine-building,  aeros¬ 
pace  engineering  using  the  activators  of  the  PATIQ  se¬ 
ries.  The  high  efficiency  of  using  the  PATIG  activators 
for  repair  works  and  also  for  the  combined  v/elding  pro¬ 
cesses  is  shown. 


PLASMA-POWDER  WELDING  OF  METALLIC  AND 
COMPOSITE  MATERIALS.  K.A.Yushchenko,  V.S. Sav¬ 
chenko,  A.A.Nakonechny  (E.O.Paton  Electric  Welding 
Institute,  Kyiv,  UKraine).  The  consumable  electrode  arc 
welding  has  a  limited  application,  in  particular,  when  it 
is  necessary  to  join  the  hard-to-weld  metals  or  compo¬ 
sites  with  a  complex  system  of  alloying  and  structure. 
In  this  case  it  is  almost  impossible  to  produce  the  wel¬ 
ding  wire,  that  is  due  not  only  to  the  difficulties  in  melting 
the  metal,  but  also  to  the  realizing  all  stages  of  proces¬ 
sing  (forging,  drawing,  extrusion).  For  welding  the  pow¬ 
der  additive  to  in  the  flux-cored  wires  is  used. 

The  application  of  powders  of  different  composition  and 
granulation  (both  metallic  and  composite)  in  the  form 
of  mechanical  mixtures  could  provide  coatings  with  pre¬ 
set  functional  properties. 

The  Paton  Institute  has  performed  a  number  of  works 
on  application  of  powders  for  welding.  The  method  of 
plasma-powder  v/elding  is  used,  in  which  the  powder  is 
fed  to  the  plasma,  fills  the  groove  and,  thus,  the  quality 
welded  joint  is  provided.  The  process  was  tested  in  mec¬ 
hanized  and  manual  welding  of  1-60  mm  thickness  at 
currents  frotA  10  up  to  500  A.  The  peculiarities  of  joint 
formation  are  studied  in  welding  .steels  of  different  gra¬ 
des,  including  high-alloyed  alloys  on  the  base  of  nickel, 
cobalt,  copper,  aluminium  and  titanium.  Cast  iron  and 
also  high-strength  steels  are  well  welded.  It  is  easy  to 
produce  welded  joints  on  metal  using  the  method  of  a 
powder  metallurgy  which  can  be  realized  in  all  spatial 
positions.  Versatility  of  the  method  and  wide  possibilities 
to  vary  the  compositions  of  pov/der  additives  open  up 
the  new  opportunity  of  producing  permanent  joints  of 
metallic,  composite  and  ceramic  materials. 


TECHNOLOGY  FOR  REPAIR  OF  NOZZLE  BLADES  OF 
GAS-TURBINE  ENGINES.  V.S.Ryinikov  (VIAM,  Mos¬ 
cow,  Russia),  A.P.Shatov,  V.i.Tsarev  (State  Enterprise 
“Tushyn  Design  Bureau  “Sayuz”).  Technology  of  repair 
of  blades  of  nozzle  unit  (NU)  of  gas-turbine  engines 
(GTE)  from  heat-resistant  alloy  on  nickel  base  of  ZhS6K 
type  using  brazing  in  a  vacuum  furnace  has  been  de¬ 
veloped. 

The  blades  with  service  damages  of  airfoils,fianges  in 
the  form  of  cracks,  dents,  local  burning-off  and  other 
defects  are  subjected  to  the  repair. 

Rejection  of  blades  during  repair  is  comparatively  large, 
which  makes  it  necessary  to  manufacture  new  blades, 
and  this  increases  significantly  the  cost  of  the  repair. 
Actuality  of  development  of  this  technology  of  repair  is 
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MO)KHOCTblO  BOCCTaHOB/lGHMf!  3HaH11Te/lbH0Ci  MaCTM  JIO- 
najoK,  saSpaKoaaHHbix  no  BUTeflubiM  flec^eKraM  npH  mx 
naroTOB/ieHMM,  a  raioxe  0TcyTCTB»ieM  APyr^x  rexHo/io- 
ruMecKnx  peiiieHnw. 

ripoLiecc  BoccTaHOB/ieHMB  conBoBbiX  jionaTox  FTfl  b 
BaKyyMHbix  ne^iax  Bioito'taeT  cjieAytouAie  onepaunn: 
KOHTpOAb  np|/1  nOMOlUn  ABSTHoCi  AS^’SKTOCKOnUM  /lO- 
naTOK,  CHBTwe  a/ininpoBaHHoro  c/iob,  ajieXTpospo- 
sMOHHyio  Bbipeaxy  Ae0eKTOB  p  paroTOB/ienne  BCTasoK 
ABO  nawKM  msct,  npopecc  natiKP  b  saxy- 

yMHOP  noHP,  v'AaaeuHe  MexaHMHecKPM  nyrew  Bbicxy- 
naioiAPX  BacTep  BCTaBOK,  peHTrepoBCKPfi  xoHTpoBbna- 
BHbix  cogaphbhpp,  HaHeceHPB  noxpbiTPP  na  nonarKP, 
no/iyMeape  noxaaaTejiep  xaponpoBHOcTP  naBHWX  co- 
eAMHeHPP,  6/IP3KPX  KTaKOBhiM  MaTeppaaa  AonaTOK  P3 
MPKeASBbix  cnAasoB,  npeAcTaBAAGT  cAoxnyto  aaflaBy. 
ripp  paspaSoTKe  nppnoB  PcnoAbayeTCP  KOMriaeKCHoe 
AerppoBaupe,  noasoAqioiuee  coKpaiPTb  npoAoaxp- 
TGAbHOCTb  A'^4'0y3HOHHOrO  BbipaBHPBaUMB  COCTaBa 
LUBa  p  ocHOBHoro  MaTeppaaa  conaoBbix  iionaroK,  Plpp 
3T0M  He  npopcxoAPT  3HaBPTeAbHoro  nepepacnpoAe- 

ABHPB  3AGMeHTOB  B  CPCTSMe  npPnOP-OCHOBHOP  MaiS- 
ppan,  oTcyrcTByioT  HexeaaTeAbHbie  (pasoBbie  peaxupp 
B  flptpcpyapoHHbix  30Hax.  xaxAop  wapxp  cnpasa 
conAOBbix  AonaTOK  noAo6pan  cocTae  nppnoB  TaxPM 
o6pa30M,  hto6w  Tewneparypa  napxp  coBnaAa  c  xeiv!- 
nepaiypop  TepMOBaxyyMHop  odpaSoxKP  HPKeAesoro 
cnAaea,  hxo  o6ecneBPBaex  noAyBeHPe  perAaMenxppy- 
eMofi  cxpyKxypbi  ociioBHoro  waxeppaAa  nocAe  naPKP. 
B  peayAbxaxe  pcnoAbsosanPH  pa3pa6oxaHHop  xexHO- 
Aorpp  cyiuecxBeHHo  yBeAPHPBaexcB  pecypc  SKcnAya- 
xappp  conAOBbix  Aonaxox  PTfl  p  coxpainaioxcB  pacxo- 
Abi,  CBflaanHbie  c  px  paroxoBAeHPew. 

PA3PABOTKA  CBAPOWHblX  MATEPMA/TOB  C 
UEJIblO  OBECnEHEHM!!  HA*qE)KHOCTM  CBAPHbIX 
KOHCTPyKUMM  B  VC/lOBMflX  HM3KMX  TEMHEPA- 
TVP.  M.  H.  CuDnes,  O.  CnenuoB  (Hh-t  (pM3.-TexH. 
npo6n.  Cesepa  fJHL(  CO  PAH,  r.  RKyrcK,  P0).  flpp  Bbi- 
6ope  MaxeppeiAOB  aab  CBapubix  KOHCxpyKppp,  axcnAy- 
axppyewbix  b  ceBepHbix  ycAOEPsx,  oppeHXPpywxca  Ha 
ypoeeHb  yAapnoi^  bhskocxp,  oxcyxcxBPe  xoAOAHbix 
xpemPH,  paBHonpoHHocxb  cBapnbix  coeAPHeHPP, 
o6ecne'ieHPe  saAanHbix  wexaHPHecKPx  cbopcxb. 
ripoBeAGHbi  pccAeAosaHPB  no  cAeAyiouAiM  HanpasAe- 
hpbm: 

•  P3yHeHP8  (})eHOMeHOAorpp  BOAenPB  o6pa3ot)aHPB  xo- 
AOAHbix  xpeiAPH  npp  caapKe  p  ycxaHOEAeHPe  4)aKXO- 
poB,  oxeexcxBenHbix  3a  px  o6pa30BaHPe; 

♦  paapadoxxa  CBapoMHbix  waxeppaAOB,  oSecneHPBaKD- 
114PX  (i/ianoe  coAspxaHPe  BOAopoAa  b  panAaBASHHOM 
MexaAAe  p  oxcyxcxBpe  xoacahux  xpeiuPH  b  wexaAAe 
CBapHbix  coeAPHeHPP.  VcxaHOBAeno,  hxo  pasAPHPe  b 
KoscpttinuweHxax  AP<t'4>y3HH  b  aycxenpxHoM,  ipepppx- 
HOM  p  MapxeHCMXHOM  Maxeppanax  nosBOABex  6oAee 
BSM  b3  paaa  coxpaxpxbAAPxeAbHocxb  coxpaneHpq  no- 
BbiLueHHOP  KOHueiixpappp  BOAopoAa  b  01113  ceapHoro 
coeAPHeHPB  npp  oxpPLiaxeAbwbix  xerpnepaxypax.  Ana 
yMeHbiueHPH  cxeneHP  norAoiiienPB  BOAopoAa  cBapoH- 
HOP  BaHHoti  B  cocxaB  csapoHHoro  Maxeppaaa  bboabxcb 
HeKoxopbie  OKCPAbi  p  4)xopPAbi.  BbinoAHBexcH  xaxxe 
AerppoBaHPe  MexaAAa  lUBa  peAKOseMeAbHbiMP  pap 
nepexoAHbiMP  MexaAnawp,  coeAPHeHPB  Koxopbix  {ok- 
cPAhi,  Kap6PAbi  p  KapSoHPxpPAbi)  Moryx  CAyxpxb  ao- 
ByiAKaMP  BOAopoAa,  aKxyMyAPposaxb  p  yAepxpsaxb 
BOAopoA,  aaxpyAHBH  ero  AH4''t>y3Mto.  BBSAeHPe  b  coc- 


explaineci  by  a  feasibility  of  restoration  of  a  large  number 
of  the  blades,  rejected  because  of  the  foundry  defects 
during  their  manufacture,  as  well  as  by  the  absence  of 
other  technological  solutions. 

The  process  of  restoration  of  nozzle  blades  of  the  GTE 
in  vacuum  furnaces  includes  the  following  operations: 
inspection  using  the  dye  penetrant  flaw  detection  of  the 
blades,  the  removal  of  an  aluminized  layer,  electroero¬ 
sion  cutting-out  of  defects  and  manufacture  of  inserts 
for  brazing  the  defective  areas,  process  of  brazing  in  a 
vacuum  furnace,  machining  of  projecting  parts  of  the 
inserts,  X-ray  control  of  the  brazed  joints,  deposition  of 
coatings  on  the  blades.  To  obtain  characteristics  of  high- 
temperature  strength  of  the  brazed  joints  close  to  those 
of  the  material  of  nickel  alloy  blades  is  a  complicated 
problem.  When  the  brazing  alloy  is  developed,  a  com¬ 
plex  alloying  is  used  for  shortening  the  duration  of  dif¬ 
fusion  levelling  of  the  composition  of  weld  and  parent 
material  of  the  nozzle  blades.  Here,  there  is  no  notice¬ 
able  redistribution  of  elements  in  brazing  alloy  —  parent 
material  system,  and  there  are  no  undesirable  phase 
reactions  in  the  diffusion  zones.  For  each  grade  of  alloy 
of  the  nozzle  blades  a  composition  of  the  brazing  alloy 
is  selected  in  such  a  way  that  the  brazing  temperature 
matches  the  temperature  of  a  thermovacuum  treatment 
of  the  nickel  alloy,  thus  providing  the  regulated  structure 
of  the  parent  material  after  brazing. 

The  developed  technology  resulted  in  a  significant  in¬ 
crease  In  a  service  life  of  the  GTE  nozzle  blades  and  in 
decrease  of  expenses  for  their  manufacture. 


DEVELOPMENT  OF  WELDING  CONSUMABLES  FOR 
ENSURING  RELIABILITY  OF  WELDED  STRUCTURES 
AT  LOW  TEMPERATURES.  M.N.SMsev,  O.I.SIeptsov 
(Institute  of  Physical  and  Technical  Problems  of  North, 
Yakutsk,  Russia).  The  selection  of  materials  for  welded 
structures  used  under  the  North  condition  is  oriented 
on  the  level  of  an  impact  strength,  absence  of  cold  crack, 
strength  of  welded  Joints  and  assurance  of  the  preset 
mechanical  properties. 

The  investigations  were  carried  out  according  to  the 
following  directions: 

•  study  of  phenomenon  of  cold  crack  formation  during 
welding  and  establishing  of  factors  which  cause  their 
formation; 

•  development  of  welding  consumables  which  provide 
a  lovj  content  of  hydrogen  in  the  deposited  metal  and 
avoid  cold  crack  formation  in  the  welded  joint  metal.  It 
was  established  that  the  difference  of  a  coefficient  of 
diffusion  in  austenitic,  ferritic  and  martensitic  materials 
can  reduce  by  more  than  three  times  the  duration  of 
preserving  the  increased  concentration  of  hydrogen  in 
HAZ  of  the  welded  joint  at  negative  temperatures.  To 
decrease  the  degree  of  hydrogen  absorption  by  the 
weld  pool,  some  oxides  and  fluorides  are  introduced 
into  the  composition  of  the  welding  consumables.  The 
weld  metal  is  also  alloyed  with  rare  earth  or  transition 
metals,  whose  compounds  (oxides,  carbides  and  car- 
bonitrides)  can  serve  as  traps  of  hydrogen,  accumulate 
and  preserve  hydrogen,  thus  making  its  diffusion  diffi¬ 
cult,  The  introduction  of  uitradispersed  powders  of  ref¬ 
ractory  compounds  to  the  composition  of  welding  con¬ 
sumables  makes  it  possible  to  regulate  the  processes 
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TBB  cnapoMHbix  MaTepna/ioB  y/ibTpafliicnepcHbtx  no- 
poujKOB  Tyron/iaBKMX  coeflUHSHUM  nosBonfieT  pery/in- 
poeaTb  npoueccb!  CTpyKrypooSpaaoBaHMfl  npi-i  saiBep- 
fleBaHMH  cBapoMHOM  BaHHbi,  a  TaK>Ke  nponBicTBOBaxh 
flH(t>c{)y3MM  BOflopoAa  b  3TB, 

PaspaSojanbi  npumtHnbi  MHKpoaernponauMf!  nannaB- 
jieHHoro  Mera/i/ia  nyrew  BoeAennB  0  noKphiTue  sneK-  i 
TpoflOB  ManieTMTOBbix  m/iMXQB  AO  «AnAanaoaoTO'>,  co-  ! 
flepxan-iMX  AO  2  %  peAKoaewie/ibHbix  lubmxob  jianTaH"  | 
HepnGBoW  rpynnbi,  a  raioxe  noaeeoro  ainaxa  Ajiabhc-  j 
Koro  lAMja  (c  coAep>KaHMeM  a^e/lO'^Hblx  KownoHeHTOB  ; 
AO  15  %). 

KOMnnEKCHAS?  OI4EHKA  BJIMSIHM51  MTTPMfl  HA 
CTPYKTYPy  M  CBOMCTBA  VrjIEPOAIUCTOM  CTA- 
flJW  CBAPHWX  KOHCTPYKLIMM.  H.  E.  EcpimeHKO 
(VKp.  i^H^K.-nefl.  BKap,.,  r.XapbKos,  YKpaMna).  BBBAeHne 
B  cocTaB  xe/iesoyraepoAMOTbix  cnaaBOB,  b  tom  micpe 
M  CBapoBHbix  MaTepHaaoB,  AoGaBOK  peAKoaeMe.nbHbix 
MerajiaoB  (P3IV1)  noBbiiuaeT  conpoTUBBeHMe  MexaBAa 
nepexoAy  b  xpynKoe  cocxofinHe. 

Bwecxe  oxeM  bo  BarBBAax  oxHocMxeAbHo  BoaAencxBUfi 
P3M  na  (t)M3MKo-MGxaHMHecKne  CBOHcrna  cra/in  hr  cy-  j 
mecxayex  cAHHoro  MHeni/iB. 

Ue/ib  pa6oTbi  —  KOManeKCHaR  onenKa  b/imbhh?!  nxrpMsi  } 
Ha  HA3KOTeMnepaxypHoe  noBeAenne  wexaBBa.  PeayBh-  | 
xaxbi  MccBeAnBaHi-iM  nosBOBBiox  npoBCHMXb  MHorne  1 
MOMsHXbi  M  ynpocTMTb  noAxoAbi  K  npo6BeMe  ncnoBb-  1 
aoBaHMB  HXXPUB  npM  CBapKG  cxaBM, 

HccBOAOBanM  CTaBb30(0,3  %  C;  0,5  %  Mn;  0,25%  Si; 
0,02  %  P;  0,03  %  S),  6BM3Kyio  no  coAepx<aHnio  yrae- 
poAa  KyrBepoAncxoM  n  HMaKOBernpoEannofi  xoHcxpyK- 
UMOHHoCi  cxanBM.  B  xaneoTBe  MMKpOAo6aBKH  ncnoBb- 
30BaBH  0,025;  0,045;  0,084;  0,21;  0,4;  1,6  %  nTxpnn, 
oxasbiBaioiAero  nanfioBe©  ^^|)(^eKXMBHnB  B03,qeiicTBHG 
Ha  MexaBB  ceapubix  ujbob. 

CyOcxpyKxypy  MexaBBa  HsyManM  motoaom  eityipeHHe- 
ro  xpenHB  (BT),  TciMnepaxypHyio  aMOBnryAnyio  aaBM- 
CMMOcxb  BT  MccBSAOBaBi-i  Ha  peBaxcoMfixpo  xnna  06- 
paXHhlCi  KpyXHBbHblM  MaBXHnK. 

CxpyKTypy  MexaBBa  nsyMaBW  c  noMoiubio  onxnMecKofi 
H  sBeKxpoHHon  MMxpocKonnH.  riepnoA  peiiiexKW  ycxa- 
HaBBnBaBM  wa  penTrenorpaMMax,  a  xaioxe  nocpeAcx-  \ 
BOM  aanncH  npo4)HBa  HHxepcfiepeHMHOHHbix  MaxcHMy-  ■ 
MOB  Ha  ycxaHOBxe  flPOH-2,  MexaHHBecxHe  CBoilCTea 
onpeAeBfiBn  no  cxanAapTHbiM  MexoAHxaM,  s 

ycxaHOBBOHO,  Bxo  coAep)KaHne  hxtpub  b  cxaBU  Ao 
0,08  %  cHMX<aeT  cJjoh  BT,  bto  cBHAexeBbCTByex  o  ct)op- 
MnpoBannn  cTa6nBH3MpoBaHHhix  cxpyxxyp  n  CBBaano  c 
yBeBHMeHMeM  cHBbi  naiiepca-HaOappo,  c  oSluhm 
yMeHbHiei-iHeM  xoBMHecxBa  AUCBoxauHil  m  c  GoBee  cmbb- 
HbiM  nx  saxponBeHUBM  npnMGCHWMM  axoMaMn,  ctaon  BT 
cocxaBBBex  0,50;  0,58;  0,76;  1,48  cooTBeTcxeenMO  8 
cxaBBX  n  0,08;  0,045;  0,16  %  HTTpnn  m  6e3  He,''o. 
HanGoBee  MysoxBHxeBbUbiM  (fiaKxopoM,  xapaKxepHsn- 
pyroU^MM  M3MGMGHMG  ypOBHB  SaxpenBOHHB  Al-ICBOKa- 
AMil,  BBBfieTCB  XGpMHBGCXaf)  CXaGtlBbUOCTb  XpHCXaB- 
BMHecxoil  cTpyxxypbi,  MuxoncHBUbiCt  oxpbiB  A^iCBOxa- 
UMM  ycxaHOBBGH  B  oObhcth  TGMnepaxyp  280,,. 300  "C 
B  cxannx  6g3  mxtpmb  m  c  0,16  %  Y.  B  cxaBBX  c  0,045  h 
0,08  %  Y  XGMnepaxypa  oxpbiBa. noBbHiiaexcB  ao  400  "C, 
ycxaHOBBGHO  HeoAH03HaMHoe  HSMGHeHHG  AGpHCAa  pe- 
UJGXXM  a-tpaabi  H  MHxpoxBGpAocTi/i  (t)eppnxa  (0)  h  nep-  j 
BHxa  (FI),  CoAepjxaHne  ao  0,045  %  Y  npnooAnx  x  ee 
pocxy  (Bxo  yxasbinaex  na  ero  paoxBopeHne  b  xbgpaom 
paoxBope),  xyBGBMBenHX)  OHeprMH  cbbsm  axoMOB  b  pe- 


of  structure  formation  during  the  weld  pool  solidification 
and  also  to  prevent  diffusion  of  hydrogen  towards  HAZ, 
Principles  of  microalloying  of  deposited  metal  by  intro¬ 
duction  of  magnetite  heavy  concentrates  of  JSC  «AI- 
danzoloto"  to  the  coating  of  electrodes  were  developed. 
These  concentrates  contain  up  to  2  %  of  rare-earth 
heavy  concentrates  of  lanthanum-cerium  group,  extrac¬ 
ted  from  the  coals  of  the  Lensky  basin  together  with 
rare-earth  elements,  as  well  as  a  feldspar  of  the  Aldan 
shield  (v/ith  content  of  rdkali  components  up  to  15  %). 


INTEGRATED  EVALUATION  OFYTTRIUM  EFFECTON 
STRUCTURE  AND  PROPERTIES  OF  CARBON  STEEL 
USED  FOR  WELDED  STRUCTURES.  N.G. Efimenko 
(Ukrainian  Engineering-Pedagogical  Academy,  Kharkiv, 
Ukraine).  Rare-earth  metals,  added  to  the  composition 
of  iron-carbon  alloys,  and  also  to  the  welding  consu¬ 
mables,  increasethe  metal  resistance  tothe  brittle  state 
transition, 

However,  there  is  no  single  opinion  as  to  the  nature  of 
REM  effect  on  the  physical  and  mechanical  properties 
of  .steel. 

This  work  is  aimed  at  the  integrated  evaluation  of  yttrium 
(Y)  effect  on  the  low-temperature  behaviour  of  metal. 
Results  of  investigations  can  clarify  many  unclear  mo¬ 
ments  and  simplify  approaches  tothe  problem  of  yttrium 
used  for  steel  v/elding. 

Steel  30,  close  by  the  content  of  carbon  to  the  carbon 
lovz-alloyed  structural  steel  v/as  investigated.  The  com¬ 
position  of  this  steel  was  as  follows,  %:  C-0.3;  Mn-0.5; 
Si-Ti.25;  P-0.02.;  S-O.03,  Yttrium  was  used  as  rnicroad- 
ditioti  in  the  following  amounts,  %;  0.25;  0,045;  0.084; 
0.21 ;  0.4;  1.6,  v/hir.h  have  the  highest  effect  on  the  weld 
metal. 

Substructure  of  the  metal  was  examined  by  the  method 
of  an  inner  friction  (IF).  The  temperature  amplitude  re¬ 
lation  of  IF  was  studied  in  relaxomoter  of  “reversible 
torsion  pendulum"  type. 

Structure  of  metal  was  examined  using  optical  and  elec¬ 
tron  microscopy.  The  lattice  spacing  was  determined  in 
roentgenograms,  and  also  by  recording  the  profile  of 
interference  maximums  in  DRON-2  installation.  Mecha¬ 
nical  properties  were  determined  using  standard  pro¬ 
cedures. 

It  was  established  that  yttrium  content  in  steel  of  up  to 
0.08  %  reduces  the  IF  background  that  indicates  to  the 
formation  of  stabilized  structures  and  is  due  to  increase 
in  Pierce-Nabarro  force,  total  decrease  in  number  of 
dislocations  and  their  stronger  pinning  with  impurity 
atoms.  The  recorded  IF  background  is  0,5,  0.58,  0.76 
and  1 .48,  respectively,  in  steel  with  0.08  %  Y,  0.045  % 
Y,  0.16  %  Y  and  without  Y. 

The  thermal  stability  of  the  crystalline  structure  is  the 
most  sensitive  factor  which  characterizes  the  change  of 
level  of  pinning  of  dislocations.  The  intensive  detach¬ 
ment  of  dislocations  is  established  in  the  range  of  tem¬ 
peratures  250-300  *C  in  steels  without  yttrium  and  with 
0.16  %  Y.  In  steels  with  0.045  %  Y  and  0.08  %  Y  the 
temperature  of  detachment  is  increased  up  to  400  ”C. 
Non-single-valued  nature  of  changing  the  lattice  spa¬ 
cing  a,-phase  and  microhardness  of  ferrite  (F)  and  pe- 
arlite  (P)  is  established.  The  yttrium  content  of  up  to 
0,045  %  leads  to  its  growth  that  indicates  to  its  disso¬ 
lution  in  a  solid  solution,  to  the  increase  in  energy  of 
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oieTKe;  or  0,045  flo  0,1 6  %  Y  --  BwauBaeT  ee  ywei-ib- 
LueuMe;  CBbiiue  0,16  %  Y  —  cMona  HaMnnaeicB 
yBe/i!<iMeHMe.  MatvieHeHne  nepnofla  pGUjeTKM  KoppenM- 
pyeT  c  MSMeHeHneM  MUKpoTBepflocxn  cp  m  D. 

PesKoe  yMeMbiUBHMe  creneuM  MCKaxeHPfi  KpucTa/iJin- 
MecKoPi  peujeTKM  npn  0,08  %  Y  cBBsaHo  c  patfinHMpo- 
BaHMeM  TBepfloro  pacTBopa,  MSMeneHMeM  sHepruw 
BaanMOflef^CTenfl  npuMecew  BBeflpeHPP  c  flucnoKapn- 
BMM  npii  pacTEopeHMH  B  cTaBM  axoMOB  saMeLLiennB, 
Mxo  cor/iacyexcp  c  AanHbiMM  naMeHennB  BT,  UsMenfl- 
excB  AncnepcHooxb  cxpyKxypbi:  npn  0,08  %  Y  paawep 
aepna  cocxaBJifieT2...16MKM  npoxHS  5... 40  mkm  b  cxa- 
BH  6e3  MTxpuB.  BapbMpyexcq  cooxHoiueHne  cpeppuxa 
w  nepanxa  ox  20  flo  80  %.  /^axibHeiiLues  yBGJiUHeHne 
HXxpuB  yMOHbujaex  coAepxaHwe  H  m  cooxeexoxBOHHO 
yaeAMHMBaex  KOAMMeoxBo  cp,  rtponcxoflpx  flpo6/ieHMe 
nepAMXHblX  KOJIOHMM.  TaKMM  oSpaaoM,  Mxxputi,  B  SaBM- 
cuMocxM  ox  BsefleHHoro  KOBHHecxea,  oxasbiBaex  cbqx- 
Hoe  BAMfiHue  Ha  MexaAjX,  a  MexaHMaMM  bjimbhhb  —  Ae- 

rMpOBaHl/ie,  paCpHUMpOBaHHS,  MOflHCpHLlHpOBaUHe  — 

MMerox  xecnyro  BaaMMocBBSb. 

CoAep>KaHi/iR  b  cxaxiH  0,03, ..0,10  %  Y  npPBOflMX  k  ana- 
HHxeAbHoMy  yAymueHHK)  MexaHPMecKMX  cbohcxb.  VAap- 
HaB  BH3Kocxb  ppH  xeMPepaxype  -  60  ‘C  noBUUjaexcB 
Ha  70  %  no  cpaBHenmo  c  mcxoahum  BapnaHXOM. 


bond  of  atoms  in  the  lattice.  The  content  of  yttrium  from 
0.045  to  0.16  %  causes  its  decrease,  while  at  content 
of  above  0,16  %  the  growth  starts  again.  The  change 
in  the  lattice  spacing  is  correlated  with  a  change  in  mic¬ 
rohardness  of  the  ferrite  and  pearlite. 

The  abrupt  decrease  in  the  extent  of  the  crystalline  iat- 
tice  distortion  at  yttrium  content  up  to  0.08  %  is  asso¬ 
ciated  with  a  refining  of  the  solid  solution,  change  in 
energy  of  interaction  of  interstitial  impurities  with  dislo¬ 
cations  during  dissolution  of  substitutional  atoms  in 
steel,  that  is  correlated  with  date  of  changing  IF.  The 
structure  dispersity  is  changed:  at  0.08  %  Y  the  grain 
size  is  2-1 6  fim  against  5-40  pm  in  steel  without  yttrium, 
The  ratio  of  ferrite  and  pearlite  is  changed  from  20  to 
80  %.  The  further  increase  of  yttrium  decreases  the 
pearlite  content  and,  respectively,  increases  the  ferrite 
content.  The  crushing  of  pearlitic  colonies  occurs.  Thus, 
yttrium,  depending  on  the  amount  introduced,  has  a 
complex  effect  on  metal,  and  the  mechanisms  of  effect: 
alloying,  refining,  modifying,  have  a  close  relation. 

The  0.03-0.10  %  content  of  yttrium  in  steel  leads  to  a 
great  increase  in  the  whole  complex  of  mechanical  pro¬ 
perties.  The  impact  strength  at  temperature  -60  "C  is 
increased  by  70  %  as  compared  with  an  initial  variant. 
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nAPAMETPMMECKME  MOAE-nSI  B  CMCTEIV3AX  KA- 
HECTBA,  Afl,AnTOPOBAHHb!E  K  TPEBOBAHI1PM 


MCO-9000.  P.  C.  fienncoB  (Hay'^.-i^cc/iefl.  ii  kohc- 
TpyK.-TexHonor.  vih-t  asapm  m  samm.  noKphirmi  c 
onbiT.  np-BOM,  r.MiwcK,  Pecny6nxiKa  Benapycb).  Vcra- 
HOBJieHO,  4T0  npw  npoeeAeHMM  CBapoHHbix  pa6oT  b  u,e- 
xy  M  Ha  cTpoHTe/ibHOM  o6teKTe  c  pasHOM  cTenGHbio 

aKTHBHOCTU  npOBEBSeTCB  B/lHflHlie  BCeBOSMOXHWX 
CpaKTOpOB  H  yCJIOBHM  Ha  XOfl  H  CTaenabHOCTb  TGXHOaO- 
rMMecKHx  npouecooB,  a  b  peayiibiare  —  h  Ha  KanecTBo 
csapubix  coeflHneHHPt  KOHCTpyKqHft  h/im  v,Bpej\VM. 
KaxAbiH  tJjaKTop  (ycaoBHR  pa6oT)  moxho  oxapaKiepH- 
aoBajb  npiioyLUMMM  eMy  napaweTpaMH.  HaaoBew  hx 
4)aKTopMh!MM  napaMeTpawiH.  HanpHMep,  H3  0aKTopa 
«CBapoMHbie  MaTepnaJibi"  noKaxew  xCeapoHHbie  aaex- 
TpoAhi»,  MMSfoinMe  caeflyioiuiie  napaMeTpbi: 

•  BueiLiHee  cocTOAHne  noKpwTHqXi; 

•  npOHHOCTb  nOKpbITMB  X2\ 

•  KOHUlBHTpMHHOCTb  nOKpbITHB  X3; 

•  BaaxtHocTh  noKpbiTHn  X4; 

•  cocTOfiHHG  aaeicrpoAHoro  CTepxHsXs; 

•  cBapoMHo-TexHoaorwHecKMe  noKasareriH  SX;  h  flp. 
AHanorn4HO  mox^ho  npMBecTM  napaweipbi  h  a-'i^  APyrux 
(pasa-opoo,  flapaMsipw  tpaiaopoB  AO/iXHbi  HweTb  paa- 
MGpHooTb  H  oBAacTH  AonycKaeMbix  sHa'ieHiiH.  VcTa- 
HoeaeHa  aaRHcHMOcTb  coctorhhr  tpam  opoB  ot  cocto- 
HHMH  ero  napaMeTpoB  m  AecpeKTHocxM.  nosBO/ifHoiAan 
KOHCTpyMpoBaTh  napaMGTpHMecKHe  MOAean. 
OnTHMMsanHB  napaMexpoB  AaeT  sosMoxHocTb  onpe- 
AS/iRTb  rpanMUbi  MXAonycTHMbix3HaMeHHH.  BbixoA  na- 
pawexpa  aa  rpannubi  Aonycxa  naHHHaeT  orpHpaTe/ibHO 

BRHRTb  HaTGXHOJIOrHMeCKHe  npOUGCCbl,  AeCTaf>MBM3H- 
pOBaXb  HX  H  npHBOAMTb  K  nOROaeHMIO  Ae4>6*^HOCTM  npw 
cflOpMHpOBaHMH  CBapHOrO  COeAMHeHHR  H  KerOHM3KOMy 
KaHecTBy.  B  stom  caynae  Heo6xoAHMo  ycTaHaBaiisaTb 
npiiNMHbi,  BbisfaiBaioiAHG  BbixoA  napaMBTpoB  33  npeAB- 
abi  AonycTMMbix  sHaHeuMH.  HanpHMep,  BbicoxaR  snax- 
HOCTb  noKpwTHR  {o6Ma3KH)  aaeKTpoAOB  (popMiipyeTca 
no  cjieAyioiiiHM  npHMHuaM:  nnoxan  ynaxoBKa,  Henpa- 
BHBbHbie  norpyaxa,  paarpyaxa  h  cKnaAMpoBaHMe;  Hey- 
AOB/ieTBopnTeiibnaR  ipaHcnopTupoBica;  cbipoii,  weo- 
TanAHBaeMbiM  cKaaA;  anetcrpoAbi  nepeAynoTpe6/ienn- 
ew  He  npoKaneHbi;  cBapiuHX  He  MMeer  repMexHBHoro 


neHa.na  a^^i  ojiexTpoAOB  h  t.a- 

AHann3  cocTOBHHB  napaMeTpoB  4)aicropoB  npon3BOAH- 
BH  no  napaweTpHMecKHM  moaoabm,  npeACTaBBsnoiAHM 
KaxAbiM  oTAP/ibHbiH  (JiaKTop  c  HadopoM  napaMeTpoB, 


xapaKTept/iayiou.U'ix  stot  cpaiaop  kbk  O  -> 


npH 


j 

aHanwae  ycTaHaB/inBaioT  3naHHMocTb  m  ciencHb  bbh- 
BHHB  KaxAoro  napaMerpa.  ripi/i  HCC/ieAOBaHnn  cpopMM- 
poBHHHB  KanecTBa  ceapHoro  coeAHHeHHB  K^.c  Hcnojib- 
3oEajin  MHor  o4)aKTopHbie  moasjim  c  pacHeiHbiMn  3Ha- 


HeHHBMH  KaxAoro  cjjaKTopa:  K^.c-^E 


Y,  ‘t’/  ■  CxeMbi 

J  . 

MOAeJien  c  onTHMMsauMOHHbiMn  SHaneHHBMH  (paicro- 
poB  B  AaabHeMUjeM  McnoBbsoBanM  ,q/iB  KoppexiHpoBKH 
TexHOBornnecKiix  npoueccoB,  Ann  BwxoAa  na  pbihkh 
Eeponu  h  npHanaHnn  npoAyKUHM,  cooTBeTCTsyroiAeii 


Mex<AyHapoAHbiM  m  eBponenoKHMTpedoEauMfiM,  Heo6- 


XOAHMO  rapMOHM3npoaaTb  {npnBecTH  b  cooTBeTCTEne 
c  ISO  H  EN  HJin  paapadoTaTb  HOBwe)  ciaHAapTbi  Pec- 
nyS/iHKH  Beaapycb.  3th  padoTbi  r,  1998  r.  HanaRH  Eu- 


noAHBTbCB  HHKTH  cn  c  on  b  pawKax  nporpaMMbi 


PARAMETRIC  MODELS  IN  QUALITY  SYSTEMS 
ADAPTED  TO  THE  ISO  9000  REQUIREMENTS. 

L.S. Denisov  (Research  &  Development  Institute  for  Wel¬ 
ding  and  Protective  Coatings  with  Pilot  Production, 
Minsk.  Belarus).  It  is  established  that  during  welding 
operations  under  shop  or  site  conditions  the  effect  of 
different  factors  and  conditions  influences  with  a  diffe¬ 
rent  intensity  on  the  proceeding  and  stability  of  tech¬ 
nological  processes  and,  consequently,  on  the  quality 
of  welded  structures  or  products. 

Each  factor  (v/ork  conditions)  can  be  characterized  by 
typical  parameters.  Let  us  call  them  factor  parameters. 
For  example,  from  "Welding  consumables”  factor,  we 
shall  demonstrate  "Welding  electrodes”  which  have  the 
fotlov/ing  parameters: 

•  visual  condition  of  the  coating  Xy, 

«  strength  of  coating  Xgl 

»  concentricity  of  coating  X3; 

•  humidity  of  coating  X4; 

•  condition  of  electrode  core  X5; 

•  welding-technological  characteristics  ZX^,  etc. 

In  a  similar  way  it  Is  possible  to  illustrate  the  parameters 
for  other  factors.  Parameters  of  factors  should  have 


dimensions  and  ranges  of  allowable  values.  The  de¬ 
pendence  of  condition  of  factors  on  the  condition  of 
tlieir  parameters  and  defectness  has  been  established 
that  makes  it  possible  to  design  the  parametric  models. 
Optimizing  of  parameters  gives  an  opportunity  to  define 
the  limits  of  their  allowable  values,  Parameter  beyond 
this  limit  starts  to  affect  negatively  the  technological 
processes,  to  destabilize  them  and  to  lead  to  the  initi¬ 
ation  of  defects  during  the  joint  formation,  thus  deteri¬ 
orating  its  quality.  In  this  case  it  is  necessary  to  reveal 
the  causes  of  coming  parameters  beyond  the  limits  of 
allowable  values.  For  example,  a  high  humidity  of  coa¬ 
ting  (covering)  of  electrodes  is  caused  by  the  following 
reasons:  poor  packing,  improper  loading,  unloading 
and  storage;  unproper  transportation;  nonheated  wet 
store;  electrodes  were  not  baked  before  use;  welder 
has  no  an  air-tight  case  for  electrode,  etc. 

Analysis  of  condition  of  parameters  of  factors  was  made 
using  the  parametric  models  v/hich  present  each  sepa¬ 
rate  factor  with  a  system  of  parameters  characterizing 
fn  ^ 


this  factor  as  (t>  ->  F 


During  analysis  the  value 


and  degree  of  effect  of  each  factor  are  established. 
During  examination  of  the  formation  of  the  welded  joint 
quality  Kcc>  the  multifactor  models  with  calculated  va- 

X 


lues  of  each  factor  were  used:  Kc.c 


F 


Sche¬ 


mes  of  models  with  optimizing  values  of  factors  were 
further  used  for  the  correction  of  technological  proces¬ 


ses.  To  enter  the  European  markets  and  to  provide 
products  v/hich  will  be  recognized  and  will  correspond 
to  International  and  European  requirements,  it  is  ne¬ 
cessary  to  harmonize  the  standards  of  Belarus  (to  bring 
in  conformity  with  ISO  and  EN  or  to  develop  new  stand¬ 
ards).  Since  1998  these  works  were  started  in  the 
above-mentioned  Institute  v/ithin  the  scope  of  program 
“Welding”.  During  working  out  the  harmonized  stand¬ 
ards  the  principle  of  parametric  and  factor  approach 
can  noticeably  add  to  the  systems  of  quality  of  ISO 
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CBAPHUE  KOHCTPymMl^ 


WELDED  STRUCTURES 


«CBapKa>>.  ripM  paapafioTKe  rapMonnanpooaHHbix  ctsh- 
flapTOR  npHHLinn  napaMerpuRecKoro  n  cpaKTopHoro 
rioflxofla  noaBonneT  cyLuecTseuHO  flono/iHWTb  CMCTewbi 
KasecToa  no  HCO-9000,  bhocr  Ba>KHbiM  sneMeHT  ko- 
iinneoTBomioro  MawepeHnp  npn  anaanae,  ouenKe  n 
o6ecne'ieHMn  KanecTBa  npoflyKnnn  cBapoRnoro  npo- 
waBOflcTBa, 

B  paMKax  npuHBToii  Konpenunn  KanecTBa  paccMajpn- 
BaoTcn  cucTewa  KoppeKinpoBKH  npoueccoB  n  ynpao- 
aoHun  KaRocTBOM  Ha  ochobb  KonMMeoTBeHHoii  openKM 
KaMBCTBa,  naaHHpoBanna  KaMecTsa  na  npeflnpnnTHnx, 
aaBOflax  M  opraHMaapnax  MaujHHocTpoeuMn,  cipoH- 
TenbCTBa,  HecpTexMMMM,  anepreTHKH,  ce/ibOKoro  xo- 
anCicTBa  h  APy™x  orpaonefi, 

CEPTMdJMKAMMSS  M  KAHECTBO  nPOAVKUtHM  CBA- 
POMHOrO  nPOM3BOflCTBA  B  PECnyBJlMKE  BE- 
JlAPyCb,  Jl.  C.  fiefmcoB  (Hayu.-uccmp,.  n  KaHarpyK.- 
TexHonor.  vih-t  cBapm  n  aauinT.  noKph/mn  c  onuT. 
np-BOM,  r.Mi^HCK,  Pecny6smKa  Benapycb).  ToccTaH- 
AapTOM  Pecny6BMKM  Be/iapycb  coaAaHb!  h  cfiyHKnno- 
HMpyioT  HauMOHajibHan  CMcreMa  h  cjpyioy'pa  cepTHcjjH- 
xauMM  npoAyKHMM  nponaeoACTB  c  paaBmoH  cBTbio 
opraHOB  no  cepTM4)MKaAHn,  HcnbiTaTo/ibHbix  penTpoB 
M  /ladopaTopMCi.  CepiMifiMKaunq  npoAyxAHU  BbioiynaeT 
Kax  HeaaBMcnMan  ii  AOKyMeHTHpoBanHan  oAOHKa  xa'iec- 
TBa  n  6e3onacHOOTH  npoueccoB,  npeAMOTOB,  cpeACTB 
TpyAa  M  KOHeMHoPi  npoAVKUHM, 

OpraH  no  cepTMtt)HKai4HH  npoAyxAMn  cBaposHoro  npo- 
HSBOACTBa  HMKTM  CH  c  0(1  aKKpeAMToBaH  ToccTaH- 
AapTOM  B  HauMOHanbHoR  cncTewe  cepTMcpnKaunn  b 
1994r.  M  Bbino/itiBOTpaSoTbi  noaaBBKaw  opraHMaapnPi, 
npeAnpufiTnii,  aasoAos,  <t)npM  m  BacTHbix  npoAnpMHM- 
MBienevt  b  cootbotctbum  c  AencTsytoujinMn  cTaHAap- 
rawH  8  pecnyS/iMKe.  Ann  (J)yHKiJinoHnpoBaHWB  oprana 
B  HMKTH  Cn  0  on  paapaSoTanbi  m  yrBepxcAenbi  Toc- 
CTanAapTOM  cneAyKJa<Me  AOxyMeHTbi: 

•  nojiox<eHne  o6  Oprane  no  cepincfinKaiJii'in  cBapoHHon 
npoAyxAHM; 

•  no/ioxeHMe  o  nopnAxe  npoeeAeunn  npoqeAyp  cep- 
TM(t)MKauMn; 

•  pyxoBOACTBo  no  xaMecTBy; 

•  HooSxoAHMbie  MHCTpyKAHn,  AOxyMenTbi,  motoamkh  m 
nporpawMbi  iicnbiTannM. 

Kpowe  Toro,  coaAanbi  m  aKKpeAHTOBaHbi  ncnbiTaTeab- 
Hbie  /laSopaTopun. 

CepTMcpMKaAMB  npoAyxUHn  CBapoMHoro  npon3BOAC7Ba 
—  AoSpoBoabHan  (no  HHHpnaTOBe  npeAnpHfrrnn)  m  o6n- 
aaToabHan  Ha  npoAMoi  odecneMeniiB  6e3onacHocTM  npo- 
AyKAMM,  npoAeccoB  n  ycayr  (no  MHMAaaTMBe  rocyAapcTBa) 
nponBAypa,  ycTaHOBaenHan  Ha  cBapoHnoe  o6opyAOBaHMe 
aio6oro  HasHaHeiiMn,  aneKrpoAoAepxoTeaM,  ropeaKM 
CBapKM  B  aaiAMTHbix  raaax  m  ap^.  Ha  lamtkh  aaLpHTHbie  abb 
aaeicrpooBapiunKOB,  Ha  cBapoBHueMaTepMaribi  (a/ieicrpo- 
Abi,  MeTa/i/iMMecKyio  m  nopotuKOByio  npoBoaoxy),  MeTo- 
AMHOCKoe  pyKOBOACTBO  M  KOHTpoJib  33  paSoTOii  Oprana 
ocyiuecTBJiHeT  YnpaBReHne  no  cepTHc|)MxaunM  rocciaH- 
Aapra  Pecny63HKM  Eenapycb. 

K  Han6o/iee  oTBeTCTBeHHon  nacTM  cepTntpHKaAMM  cae- 
AyoT  oTHocTM  noRHOTy  pa3pa6oTKH  nporpaMMbi  anaaH- 
33  cocTonHMB  npoHSBOACTBa  M  npoBOAGHUB  aHaan3a 
HenocpeACTBOHHo  Ha  npoHSBOACTBo  OT  npoexTa  (npo- 
eKTHOM,  TexHMHeoKofi  H  HopMaTHBHoti  AOKyMeHTauHn) 
AO  KaxAOM  TexHORornHecKoR  onepapnH  n  McnoRHHTe- 
jieti;  OT  BXOAHoro  KOHTpojin  w  cK/iaAa  nocTynatouA-ix 
MaTepMajioB,  KOMnRexryiomMX  ao  onepapi-ioHHoro  koh- 


9000,  introducing  an  Important  element  of  a  quanti  tative 
measurement  during  analysis,  assessment  and  assu¬ 
rance  of  quality  of  the  weldments. 

Within  the  scope  of  an  accepted  conception  of  quality 
a  .system  of  correction  of  processes  and  quality  control 
is  regarded  on  the  basis  of  a  quantitative  evaluation  of 
quality,  planning  of  quality  at  the  enterprises,  factories 
and  organizations  of  machine-building,  construction,  oil 
chemistry,  pov/er  engineering,  agriculture  and  others, 


CERTIFICATION  AND  QUALITY  OF  PRODUCTS  OF 
WELDING  INDUSTRY  IN  REPUBLIC  OF  BELARUS, 

L.S.  Denisov  (Research  &  Development  Institute  for 
Welding  and  Protective  Coatings  with  Pilot  Production, 
Minsk,  Belarus).  The  Gosstandart  of  Belarus  has  crea¬ 
ted  the  functioning  now  national  system  and  structure 
of  certification  of  production  which  is  realized  by  a  net¬ 
work  of  bodies  on  certification,  test  centres  and  labo¬ 
ratories.  Certification  of  production  is  an  independent 
and  documented  assessment  of  quality  and  safety  of 
processes,  objects,  equipment  and  final  products. 
Body  on  certification  of  welding  fabrication  products  of 
the  above-mentioned  Institute  was  accredited  by  Gos¬ 
standart  in  the  National  system  on  certification  in  1994 
and  fulfils  the  works  by  the  applications  of  organizations, 
enterprises,  factories,  companies  and  privite  busines¬ 
smen  in  accordance  with  existing  standards  in  Belarus. 
For  this  body  functioning  the  following  documents  were 
worked  out  and  approved  by  Gosstandart: 

.  Status  of  Body  of  certification  of  welding  products; 

•  Status  of  procedures  of  certification; 

•  manual  on  quality; 

•  required  instructions,  documents,  test  methods 
and  programs. 

In  addition,  test  laboratories  are  created  and  accredited. 

I  Certification  of  welding  indu.stiY  products  is  voluntary 
(by  initiative  of  enterprise)  and  mandatory  for  assurance 
of  safety  of  products,  processes  and  services  (by  initi¬ 
ative  of  government).  The  latter  is  established  for  dif¬ 
ferent-purpose  welding  equipment,  electrode  holders, 
torches  for  shielded-gas  welding,  protective  shields  for 
electric  welders,  welding  consumables  (electrodes, 
solid  and  flux-cored  wire),  Activity  of  the  Body  is  super¬ 
vised  by  the  Board  on  certification  of  Gosstandart  of 
Belarus. 

The  most  important  part  of  the  certification  includes  the 
development  of  program  of  audit  of  the  status  of  pro¬ 
duction  and  making  the  analysis  directly  at  the  produc- 
I  tion  facility  starting  from  designing  (  design,  technical 
and  standardizing  documentation)  up  to  each  techno¬ 
logical  operation  and  executors;  from  incoming  control 
and  storage  of  supplied  materials,  completing  parts  up 
to  in-process  control  and  acceptance  tests  of  finished 
products  v/ith  their  packing,  storing  and  transportation. 
As  the  practice  shows  the  most  complicated,  and  so¬ 
metimes  difficult-to-perform  operations  for  the  enter¬ 
prises  are:  incoming  control  of  raw  materials  and  corn- 
i  pleting  parts;  identification  of  products  and  following  all 
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Tpojifi  M  npneMocflaroHHbix  McnuTaHiiCi  totobom  npo- 
flyKUMM  c  eeynaKOBKOM,  cK/taflupoeanneM  nTpancnop- 
TMpoBKoO.  Khk  noKasbiBaer  npaKTHKa,  HaM6ojiee  caoK- 
HblMW,  a  nOAHaC  TpyflHOBbinOPHMMWMH  flJia  np0M3B0fl- 
cTBa  M  npeflnpuRTMM  BB/iaiaTCB  exoflHofi  icoHTpoab 
cbipbB,  MarepMa/ioB  m  KOMnaeKTyioLU,nx;  nflenTucpt^Ka- 
mif)  npoflyKpMH  M  npocjieJKMBaeMOCTb;  ynpaBaenne 
npoMGCcaMn;  KOHTpoab  h  npoBeflenne  nonbiTanuCi; 
KoppeKTupyroinne  m  npeflynpexfla(ou4Me  fieCicTBMy!;  yn- 
paB/ieHMe  perncTpapneM  flaHHWx  o  xaMecTBe. 

OTBeTCTSeHHOM  HaCThIO  CepTHCpUKapUM  51BnaGTCB  OT- 
6op  o6pa3iJ,on  roTOBoii  npoAyKHun  Ana  npoBeAeana 
cepTUctinKanMOHHbix  HcnbiTanMM  B  aKKpeAHTosanHbix 
aa6opaTopMax;  pa3pa6oTKa  nporpawMbi  MonbiraHuti 
0To6paHHb!x  o6pa3HOB  npoAyKpun  b  cooTBercTBMH  c 
AeMCTByiou4eCi  HopMaruBHofi  AOKyMeHTauneti  (Hfl).  M 
HaxoHSM,  paocMOTpenne  cobgtom  no  cepTMct>MKauiMii 
Maieptia/ioB  n  npuHBJne  petueHna  o  BhiAaae  cepTmt>i^- 
KaTa  i-ian  o6  o6ocBOBaHHOM  OTxaae. 

B  nponecce  cepTutpUKapMH  HHKTM  Cn  c  OR  npoBOAHT 
CTaTPCTMHecKMM  ananns  rexHiiBecKoro  ypoBHn  Bbinyc- 
KaeMOM  npoAyKAMi/;.  UccaeAyKiTcn  AecJ^eicroHocHbie 
nponeccbi,  npiiuHMbi  nx  o6pa30BaHMn,  peKOMSHAyiOTCP 
Mepbi  no  coEtepiueHCTBOBaHHio  TexHoaornaeoKMX  npo- 
ueocoB  M  KaaecTBa  BbinycxaeMOM  npoAyxnnn  na  npep- 
npuBTHM,  aasoAe,  (pupwe, 

npnseAenbi  psayabjaTbi  CTaTUCTnaecKoro  aHannsa 
A/lfl  npOH3BOACTB  HOKOTOpblX  THOOB  CBapOMHbIX  3JleX- 
jpOAOB  11  oSopyAOBaHMB,  HeAOCTaTKM,  BbiqBaOHHbie  B  I 
Hfl;  yKasaHbt  npeAnpHBTua  m  opraHnaaumi,  iiMetoaiiie  | 
CepTMCpUKaTbl  COOTBOTCTBHn  HaHMOHajIbHOil  CMCTeWb!  I 

roccraHAapia  Pecny6nnKn  Benapycb,  BbiAanubie  Op-  i 
ranoM  no  cepTntpnKapuM.  I 

i 

TEXHMMECKMM  VPOBEHb,  SATPATbl  HA  KAMECT-  i 
BO  Ml  AC»CTM>!KEHME  KOWKYPEHTOCnOCOBHOC-  i 
TM  E  CBAPOHHOM  nPOMSBOACTBE.  fl.  C.  Rem-  | 
COB  (Hay^.-mcnefl.  n  KOHCTpyK.-reXHo/tar.  MH-TceapKi'i  i 
n  3ain,m.  noKphiTi/iH;  c  onbir.  np-BOM,  fM^hck,  Pecny6- 
ni/iKa  Benapycb),  R.  B.  SaHKOseu  (Mh-t  skohommkm 
HAHB,  r.MmcK,  PecnyBjima  Benapycb).  Pa3pa6oTatia 
MHoroct)aicropHaq  oKonoMMKo-MaTeMaTnaecKan  mo- 
penb  pacHOTa,  opeuxn  n  nporHoanpoBanna  ypoBHB  xa- 
MOCTBa  B  CBapOMHOM  npOl13BOACTBe  B  aaBHOMMOCTU  OT 
sajpar.  B  MOAonn  cpopMajinaytofca  ocHOBHbie  toxhu- 
K0-9K0H0MHMeCKMe  SaKOHOMepHOOTM  npopeCCOB  00- 
BeptiieHCTBOBannf)  TexHnnecKiix  m  TexHo/ioniMecKnx 
napawoTpoB  oGheicroB,  mto  no3BO/ineT  noayMaTb  kobm- 
HecTBeHHwe  oughkh  pr.B  caeA'/toiAnx  HanpaBneniiM  b 
coBepiuencTBOBaHnn  cBapoBHo-MoniaxHoro  npoM3- 
BOACTBa:  paapaGoTKa  ii  ocBoemie  npiinnunnanbHO  no- 
Bbix  noKoaemiM  toxhukm  h  rexHo/ioniM;  AanbHeiiujee 
coBepuJOHCTBOBaHtie  ctsaKTopoB  KanecTBa  npn  hbiis- 
MBHHbix  npuHnnnax  mx  AencTsun;  CHMxeHMe  oGtdBMob 
sarpaT,  HeoGxoAUMbix  a/ib  AocTHxeHnn  rpeGyewbix  ko- 
JlUMGCTSeHHblX  3Ha4eHHM  ypoBHB  KaMeCTBa. 
SKOHOMMKo-MaTeMaTMBecKiie  MOAeati  peanwsytoTCB  b 
BMAe  anropnTMOB  ii  nporpawM  Ann  aBTOMaTiianpoEaH- 
Horo  pexMMa  no/iyBeHiiq  pesyahTajOB  n  b  bmao  rpa- 
^oaHannTHMecKoii  MOAean  npn  pyiHOM  cnocoGe. 
rpa4)oaHaanTH'iecKaq  MOAer.b  TexHiiKo-sKOHOMimec- 
KMX  npou,eccoB  coBepmeHCTBOBanna  napaweTpoB  xa- 
HOCTBa  ocHOBbiBaeTcn  Ha  anHeapnaapnii  B3anMocBn3ii 
npeASA  napaMGTpa  -napaMeip  xaMecTBa,  oGbeAHHoH- 
HblX  B  noHBTHR  OBOXHOCTb  -3aTpaTbl,  11  nosBo/inoT  no- 
pynnTb  no  cEapoHHO-MOHiaxHOMy  npoiiaBOACTsy  cjie- 


processes;  control  of  processes;  inspection  and  tests; 
correcting  and  preventing  operations;  control  of  recor¬ 
ding  the  data  about  quality. 

The  responsible  part  of  certification  is  a  selection  of 
ready  products  for  certification  tests  in  accredited  la¬ 
boratories;  development  of  test  programs  of  selected 
samples  of  products  in  accordance  with  an  existing 
standardized  documentation  (SD).  And  ,  finally,  decisi¬ 
on  of  the  council  on  certification  of  materials  about  issue 
of  the  certificate  or  about  a  justified  rejection. 

In  the  course  of  certification,  the  Institute  carries  out 
stati,stic  analysis  of  the  technical  level  of  the  output  pro¬ 
ducts.  Defect-carrying  processes,  causes  of  these  de¬ 
fects  are  examined  and  measures  on  improvement  of 
technological  processes  and  quality  of  the  products  at 
the  enterprise,  factory  or  company  are  recommended. 
Results  of  statistic  analysis  are  given  for  manufacture 
of  some  types  of  welding  electrodes  and  equipment; 
enterprises  and  organizations  are  indicated  which  have 
a  certificate  of  conformity  to  the  national  system  of  Gos- 
standart  of  Belarus  ,  issued  by  the  Body  of  certification. 


TECHNICAL  LEVEL,  EXPENSES  FOR  QUALITY  AND 
ACHIEVEMENT  OF  COMPETITIVENESS  IN  WELDING 
INDUSTRY,  L.S.  Denisov  (Research  &  Development  In¬ 
stitute  for  Welding  and  Protective  Coatings  with  Pilot 
Production,  Minsk,  Belarus),  P.V.  Zankovets  (Institute 
of  Economy,  NASB,  Minsk,  Belarus).  Multifactor  econo- 
mico-mathematical  model  of  calculafion,  assessment 
and  prediction  of  the  quality  level  in  welding  industry, 
depending  on  expenses,  has  been  developed.  The 
model  formalizes  main  technico-economical  regulariti¬ 
es  of  processes  of  improvement  of  technical  and  tec¬ 
hnological  parameters  of  objects  that  makes  it  possible 
to  obtain  the  quantitative  estimates  for  the  following 
trends  in  the  improvement  of  welding-assembly  fabri¬ 
cation:  development  and  implementation  of  radically 
new  generations  of  technology  and  technique;  further 
improvement  of  quality  factors  at  unchanged  principles 
of  their  effect;  reduction  in  volumes  of  expenses  to  attain 
the  required  quantitative  values  of  the  quality  level. 
Economico-rnathematical  models  are  realized  In  the 
form  of  algorithms  and  programs  for  automated  condi¬ 
tions  of  producing  results  and  in  the  form  of  graphical- 
analytical  model  at  the  manual  method. 

The  graphical-analytical  model  of  technico-economical 
processes  of  improvement  of  quality  parameters  is 
based  on  the  linearization  of  "parameter  limit  —  quality 
parameter"  relations  united  in  a  conception  of  "comp¬ 
lexity  -  expenses”,  and  makes  it  possible  to  obtain  the 
tollo'Mng  quantitative  estimates  for  the  welding-assem¬ 
bly  fabrication:  technical  level  (TL),  level  of  economy 
(LE),  expenses  for  achievement  of  a  preset  value  of  the 
quality  parameter  P.  TL  is  an  analytical  function  of  com- 
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flyioU-iMe  KOJiM'iecTBeHHwe  oughkh:  TeXHM'iecKoro 
ypoBHR  (TV),  ypoBn?!  skohommmhoctu  (VS),  aarpaT  na 
flocTH>KGHi/ie  sa/aanHoro  anaMGHMP!  napaMerpa  KaMecT- 
Ba  P.  TV  BB/iBeTCfl  aHaJiMTPMBCKoii  (})yHKU,Meii  cbo»:hoc- 
Tn  S  n  BbiHuc/ifieTCfi  o  yneTOM  npefleaa  nonoabayeMoro 
napaMeTpa  KaBocTBa.  MaTeMaTM'iecKne  MOfle;in  ope- 
HOK  cjioxHooTn  S  n  TV  npH  pasiioxeHUH  a  pBflu  npn- 
BOflfiT  K  o6u4enpMHBTbiM  MOfle/ifiM  n/ifi  ouenoK  aaipaj 
M  TV,  Korfla  BBUBMiie  npeflGBon  etue  He  CKaabmaeTcn 
na  pocTe  aarpar  n  nacbiiueunn  napawexpa  KaMeoTsa, 
a  caeflOBareiibHO,  n  TVo: 


5  =  0,5  In  I  -r--- 


3  5  2ii  ^  1 

A-  X  A 

x+  J  +  g  J  +-- 


npnseAeunn  ct^opN/iyjiu  (caaflaoe  onpepeiiGHi'tsi  on- 
TMMapbHoro  ypoBiifi  KaHecTBa  HeoSxoflMMo  Bbi6paTb 
eflPHiiny  nawepeHHR  napaMerpa,  YpoBet-ib  KanecTBa 
Mbi  MSMepBeM  B  npoitoHTax.  Torfla  npnHunnnanbKwe 
npefle.nbi  napaMGTpa  aerxo  onpefleantb.  ripPiUO-inM- 
aobHbin  nnxHnti  npeAeo  —  ''00  %  Opa^a.  06o3Ha'ii/iM 
ero  6yKB0P  A.  npnHpMnnaabHbiM  Bepxunii  npsflea  — 
0  %  dpaxa  (B).  OneBnflHo,  hto  see  ocTaBbtibie  napa- 
MGTpbi  HaxonnTCB  B  sTi-ix  npeABBax.  nycTb  P  —  pac- 
CMMTbmaeMbiM  noxaaaTeob  KanecTBa,  D  —  npeAePbuo 
AoriyoTHMbiM  nan  fiaaoBbiti  noxaaaTejib.  TorAa  enpa- 
bga^imbo  HepanewcTBO  B  <  P  <  D  <  A.  Hiofibi  onpeAs- 
ai/iTb  noaoxeHMR  napaMerpa  P  Ha  mhc/ioboh  ocm  b  aio- 
6on  MOMBHT  BpeweiiH  t,  nneAow!  BbipaxeuMfi: 


A  -P  A~rj_ 

P-B’ 


X„  X2*i\, 


tag  litTi  (X(,  X2)  -»  +  OT  ;  lim  (x^,  X2)  ->  0. 

P,B  B  P,B  ->  A 

OTHomeuMe  X(/X2  xaparrepHayeT  OTtyioHRHMO  aHaaH- 
sMpyeMoro  (pacMRTHoro)  ypoBHB  xaMecTBa  P  ox  6a30- 
Boro  (AonycTMMoro)  D. 

npeABapHreabnaq  oueuxa  SKOHOMnHecKow  atpcfieKTnB- 
Hooxn  npoM3BOAOTBa  ocyiAeoTBABeTCB  no  epopwyae 
3o  =  (W/pTyp/TVeWe),  tag  TVp,  TVe  —  rexHi/iHecKwe 
ypoBHM  pacMexHoro  m  6a30Boro  nepnoAa;  W',,,  tVg  — sax- 
paxbi  B  pacMexHwCi  m  6a30BbiM  nepnoAbi.  riJiaHMpyeMbie 
saxpaxhi  Ha  noAARP^-aHMe  aapaHHoro  ypoBHB  Kaneoxea 
M  TV  o6o6LueHHo  paccHUXbrnaioxcq  no  4)opMyne  Wp  - 
-  ke-Sp,  PAe  /f6  =  Wt/Sr^  —  BaaoBbiCi  K03(t)$)iin,MeHx, 
Sp  —  pacHexHaa  cAo)KHocxb  npoMSBOAoxna,  M/p  —  sax- 
paxbi  Ha  npon3BOACXBo  b  6a30B0M  nepnoAe,  Sg  — cao>k- 
Hoexb  npoHSBOAOXBa  B  GasoBOM  nepHOAs. 

TaxMM  oSpaaoM,  paspaGoxana  MexoAoaornB  h  npHni^H- 
ribi  pacMexa  onxHK/iajibHoro  aHaneHnn  BXOAHoro  (sbahh- 
Horo)  ypoBHR  KaMoexBa  c  ynexoM  aaxpax,  rionyHeHa  B03- 
MOXHoexb  onpeAOBHXb  KOHKypeuxocnocoGHocxb  npo- 
AyxUHM  cBapoHHbix  pa6ox  h  aaxpaxbi  na  ee  AOCxiixeHMe. 


CMCTEMA  OBYHEHUa  M  nOArOTOBKM  cnEUMA- 
AMCTOB  B  OBJIACTM  PEHTPEHOBCKOrO  M  TAM- 
MArPAOMHECKOrO  KOHTPO/IB  CBAPHbIX  COE- 

B.  B.  KonocoB,  A.  3.  Kanycmn,  B.  K.  LUener 
(Hay'i.-piccnep,.  us  KOHCTpyK.-TexHonor.  sah-t cnapm  us aa- 
siiuiT.  noKpsiSTusd  a  onbir.  np-BOM,  r.  Mushck,  Pecny6nuiKa 
Benapycb).  noBbiLueHi/ie  xpe6oBaHHM  k  xaneexey  ceap- 

HblX  OOeAHHGHMfi  B  npOMbIlIjnGHHOCXM  npGAOnpeAGABGX 

poex  xpeGoeanMH  k  noAroxoBKO  m  arieoTanHH  cneuMa- 
AHcxoB  no  Ae4)eKxocKonnM.  (losxoMy  noAroxosKa  Bbico- 
KOKBann4>nuHpoRaHHbix  cneuMaAHCxon  no  Ae(t>eKJOc- 
KOriHH  BBJlfieXCB  BaXHbIM  HanpaBAGHiieM  B  CHCXeWie 


plexity  S  and  calculated  with  an  allowance  for  a  limit, of 
Ihe  quality  parameter  used.  Mathematical  models  of 
assessment  of  complexity  S  and  TL  lead  at  expansion 
in  series  to  the  generally  accepted  models  for  estima¬ 
tion  of  expenses  and  TL  when  the  effect  of  limits  does 
not  yet  influence  the  growth  in  expenses  and  saturation 
of  quality  parameter,  and,  consequently,  TL: 


„  ^  r-  .  I  1  +  X 

5  =  0,5  In  -- 


3  5  2»  H-  1 

XXX. 

-  X  +  , 

3  5  2n  +  i 


+  .. 


To  reduce  the  formulae  to  the  problem  of  determination 
of  the  optimum  quality  level,  it  is  necessary  to  select  a 
unit  for  the  parameter  measurement.  The  quality  level 
is  measured  in  percentage,  Then  the  principal  limits  of 
parameter  can  be  easily  determined.  The  principal  lower 
limit  is  100  %  rejection.  Let  us  denote  it  by  letter  A.  The 
principal  upper  level  is  0  %  rejection  (S).  It  is  evident 
that  all  the  other  parameters  are  within  these  ranges. 
Let  P  be  the  calculated  quality  characteristic,  D  —  the 
limit  admissible  or  basic  characteristic.  Then,  the  ine¬ 
quality  B  <  P<  D<  A\b  satisfied.  To  determine  the  po¬ 
sition  of  parameter  P  on  a  numerical  axis  in  any  moment 
of  time  f,  let  us  use  the  expression: 


_  ‘'I  -J" 

"  P-  B' 


A-D 

D-B’ 


Xu  ^2*  f>, 


where  lim  (Xi,  X2)  -x  +  «  I  litxi  (X(,  X2)  -»  0, 
p,B  ^  B  P.B  ->  A 

Relation  X|/X2  characterizes  the  deviation  of  the  analy¬ 
zed  (calculated)  level  of  quality  P  from  the  basic  (ad¬ 
missible)  D. 

The  preliminary  estimation  of  an  economical  efficiency 
of  production  is  performed  by  formula  Eq  = 
=  (IVc'TLc/TLb'H'b).  where  TLo,  TLb  are  the  technical 
levels  of  calculated  and  basic  periods;  1/14,  I/I4  sfe  the 
expsenses  tor  the  calculated  and  basic  periods.  The 
planning  expenses  tor  maintenance  of  the  preset  level 
of  quality  and  generalized  TL  are  calcuaited  by  formula 
Wc  -  KiTSc,  where  kb  -  WJSb  is  the  basic  coefficient, 
Sc  is  the  calculated  complexity  of  production,  Wt  are 
the  expenses  for  production  during  a  basic  period,  Sb 
is  the  complexity  of  production  during  a  basic  period. 
Thus,  the  methodology  and  principles  of  calculation  of 
optimum  value  of  input  (preset)  level  of  quality,  taking 
into  account  the  expenses,  are  developed.  The  feasi¬ 
bility  of  asessment  of  competitiveness  of  welding  pro¬ 
ducts  and  expenses  for  its  achievement  is  obtained. 


SYSTEM  OF  EDUCATION  AND  TRAINING  OF  SPE¬ 
CIALISTS  IN  THE  FIELD  OF  X-RAY  AND  GAMMA  - 
RAY  CONTROL  OF  WELDED  JOINTS.  V.V. Kolosov, 
A.E.  Kapustin,  V.K.  Sheleg  (Research  &  Development 
Institute  for  Welding  and  Protective  Coatings  with  Pilot 
Production,  Minsk,  Belarus).  Increase  in  requirements 
to  the  quality  of  welded  joints  in  industry  also  predeter¬ 
mines  the  growth  of  requirements  to  the  training  and 
attestation  of  specialists  on  flaw  detection.  Therefore, 
the  training  of  highly-qualified  specialists  on  the  1\avj 
detection  is  an  important  trend  in  the  system  of  quality/ 
control  of  products  in  the  welding  industry.  Associates 
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ynpaBJienuFi  KaMecTEOM  npoflyKMUH  b  cBapo'woM  npoiia- 
BOflCTse.  CoTpyflHMKaMM  MHCTHTyra  ceapKH  m  aaipHTHbix 
noKpbiTHM  npuTecHOM  coTpyflHMMecTBe  c  opraHOM  no  cep- 
THCt)HKaUHH  «npO())CepTMKO»  6bl/lM  pacCMOTpOUbl  nyTH  00- 
BepiueHCTBOBaHUB  cymecTByioiueM  cucreMbi  noflfOTOBKM 
M  arxecraixm  cneuiianucTOB  no  pafluaunoHHUM  MeroflaM 

KOHTPO/IB,  B  TOM  BUC/IO  C  HCnOBbSOBaHMeM  3BM,  B  pO-  j 
aynbTaTe  Mere  6bino  npHHBTO  pemeHne  b  paMKax  rooyflap- 
CTBSHHOM  Hay’^Ho-TGXHl1'^ecKo^i  nporpaMMb!  «CBapi<a» 
pa3pa6oTaTb  b  HaynHO-uccneflOBBTejibCKOM  HHCTnTyre 
esapKM  M  aaiuMTHbix  noKpbiTOM  o6y><aKDLU>,w  KOMnnoKC  c 
oMeHKoPi  npotJseccnoHanbHOM  npiiroflHocTu  /yiB  noflro- 
TOBKM  cneiinanucTOB  peHrreHOBCKoro  n  raMMarpacfiUMec- 
Koro  KOHTpo/iB  ceapHbix  coeflUHeHHS^.  AHanna  HopMaTiiB- 
HoCi  floxyMeHTauuM,  ycTaHaBBUBaioiMeM  TpedosaHun  k 
KBanuctJnKauiHM  nepcoHana,  ocyiiiecTB/inioinero  Hepaapy- 
IDaiOLUHti  KOHTpOBb  npOMhlLUBeHHOM  npOflVKUHH,  M  CMCie- 
Mbi  era  cepTuttsuKapuM  b  cxpanax  6/in>KHero  3apy6e>Khn  m 
eBponeMCKMX  cTpanax  noxasan  npaxTUBscxn  mx  rioBHyto 
cxox<ecnb  flpyr  c  flpyroM.  B  pecnyGnnxe  Be/iapycb  raxiiM 
oraHflapTOM  aBnaeTcn  CTB  EH  473-95.  Kax  noxaaa/i  ana- 

JIH3,  KOBMMecTBO  MHtftOpMapUM  fl/lB  yCBOGHl^f!  aHanMti  H 
nonyBenuB  HaBbixoB  flocTaTOBHO  Bemm,  npHBew  owa  b 
6onbuJMHCTBe  cbogm  Bs/weTCB  TpypHOflooTynHOM  m  pa- 
3o6LueHH0M.  Hcnonb30BaHne  sneicrpoHHoro  xpaHUBMipa 
HHcpopwauMM  B  3BM  —  6a3bi  flanHbix  (Efl)  —  AasT  b 
3T0M  rmaHe  pafl  npenMyipecTB:  Bo-nepewx,  b  Efl  Mox<eT 
6biTb  cxoHLieHTpupoBaHa  B  Haw6onee  ho/ihom  o6beMe 
BOB  HeoSxoAHMaa  nncpopMaunn,  BO-Bxopbix,  xojiiiMecTBo 
M  coflepxoHne  MHtpopManMH  mo>xho  M3MenBTb  B  /1106011 
MOMeHT 663  oco6bix  ycM/imi  M  saxpaT  a,  b xpexbax,  ana- 
Haxe/ibHO  yBenMMaBaexoB  exopoexb  nojiyBenas!  Heo6xo- 
flMMbix  Aaanbix.  KpoMG  xeopexuBecxax  Hasbixoo,  Actj^ex- 
xocxonncx  nocne  o6yBeHi'tB  AOAX<eH  o6jiaAaxb  a 
npaxTaMecKHMa:  ywexb  Haoxpaaaaxb  o6opyAOBaHae,  coc- 
xasnnxb  TexHonoraneexae  xapxbi  na  npocBeBMBaHaa  a 
pacujacppoBbiaaxb  peHxreaorpaMMbi,  hxo  Aocxaraexcn 
o6mapHoa  xpeHapoBXoti  yMaiAaxcn.  Ho  Haa6onee  oxsex- 
CTBenHbiC^i  axan  npa  npoBeAenaa  xoHxpo/in  —  pacuiacj)- 
poBxa  a  aAeHxac{)axai4an  AetfieCTOB  aa  peHxrenoBcxoa 
nneaxe.  CneAyex  oxMexaxb,  hxo  b  peayAbxaxe  mccagao- 
BaHMR  BocnpasxraH  HenoBG’-iecxaM  maaoM  pasnaHHbixrpa- 
Aapaa  a  nspenaAOB  ceporo  (aaoSpaxenae,  nonyHaeMoe 
Ha  peHxreHOBCKoa  mienKG),  npoBOAHMUx  b  HHKTH  cn  c 
on,  6bmo  AoxasaHO,  hxo  Ae4>eKxocxonacxaM  CBoacxBGH- 
Ho  ouja6aTbr;3  npa  onpeAeneHaa  xax  bhaob  A^'t’SKTOB, 
xax  a  ax  paaMepoB.  B  peaynbxaxG  accAGAOBaHaa  6biAo 
xax)K6  noxaaano,  hxo  npa  cooxsexcTBytomea  xpGHapoBxe 
MO)KHO  Ao6aHaxbcfl  yMeHbiiiGHan  npou.eHxa  6paxa.  Roa- 
nporpaMMa-xpeHaxep,  peanasyrainan  AaaHbii^  cnoco6 
xpeHapoBxa,  xaKX<e  exAxiHeHa  b  cooxae  xotan/iexca.  Pas- 
pa6oTaHa  nporpaMMa,  aMaxapyiou^an  npopecc  paciuact)- 
poBxa  cHaMKOB.  Hxo6bi  opeHaxb  SHaHan  npomeAUJax 
xype  o6yHenan,  b  xoMnnexc  BxnxjHGHbi  noAnporpaMMbi 
AAB  npoBGAeMaa  axsaMenoB.  CornacHO  CTB  EH  473-95, 
xecxapysMbii^i  aoaxgh  npofixa  xsanacpaxamaoHHbia  sx- 
aaMGH  (o6LLi,aa  6aAA  aoaxgh  6bixb  He  Menee  80  %),  xo- 
xopbia  coexoax  as  o6tAero,  cnGuaanbHoro  a  npaxTanec- 
Koro  sxaaMeHa.  Bonpocbi  ppifs  xaxAoro  axsaMena 
BBOABxcq  npenoAaBaxeAGM,  npa  npoBGAenaa  sKsaMena 
nporpaMMa  CAynaanbiM  o6pa30M  oxSapaex  ax  hgoSxo- 
AHMoe  xoAaHGCTBo  (xonaneoxBO  Bonponoe  yxasbiBaexcH 
npenoAasaxG.neM).  floACHex  6annoB  npoasBonaTCB 
nporpaMMoCi  aBXOMaxaHecxa  no  cpopMyAaM,  onacaHHWM 
B  CTB  EH  483-95, 


of  the  Institute  of  Welding  and  Protective  Coatings  in 
close  collaboration  with  the  body  of  certification  “Prof- 
sertiko"  defined  the  ways  of  improving  the  existing  sys¬ 
tems  of  training  and  attestation  of  specialists  on  radi¬ 
ographic  methods  of  control,  including  those  using 
computer.  As  a  result,  the  decision  was  taken  within  the 
scope  of  State  Scientific-Technical  Program  “Welding” 
to  develop  at  the  above-mentioned  Institute  a  training 
complex  for  assessment  of,  a  professional  fitness  tor 
training  of  specialists  of  X-ray  and  gamma-ray  control 
of  the  welded  joints.  Analysis  of  standardized  documen¬ 
tation,  which  establishes  requirements  to  the  personnel 
qualification,  dealing  with  NTD  of  industrial  products, 
and  systems  of  its  certification  in  CIS  and  European 
countries  showed  almost  complete  their  similarity.  In 
Belarus  this  standard  is  STB  EN  473-95.  As  analysis 
showed  the  amount  of  information  for  acquisition  of 
knowledge  and  mastering  habits  is  rather  large,  and  in 
the  most  cases  it  is  hard-fo-learn  and  scattered.  The 
use  of  the  electronic  storage  of  information  in  the  com¬ 
puter,  data  base  {DB),  has  a  number  of  advantages; 
first,  DB  can  concentrate  all  necessary  information  in 
the  most  complete  volume,  secondly,  the  amount  and 
content  of  information  can  be  changed  in  any  moment 
without  great  efforts  and  expenses  and,  thirdly,  the  time 
of  receiving  the  necessary  data  is  significantly  shorte¬ 
ned.  In  addition  to  the  theoretical  knowledge,  the  spe¬ 
cialist  in  flaw  detection  after  training  should  gain  prac¬ 
tical  habits:  to  set  up  equipment,  to  work  out 
technological  charts  for  X-ray  examination  and  to  de¬ 
code  roentgenograms  that  can  be  attained  by  a  com¬ 
prehensive  training  of  specialists.  However,  the  deco¬ 
ding  and  identification  of  defects  in  X-ray  film  is  the 
most  responsible  stage.  It  should  be  noted  that  after 
examination  of  perception  of  different  graduations  and 
gradients  of  grey  colour  with  a  human  eye  (image  ob¬ 
tained  in  X-ray  film),  carried  out  at  the  above  In-stitute, 
it  was  proved  that  the  specialists  in  flaw  detection  can 
make  errors  in  determining  the  types  of  defects  and 
their  sizes.  It  was  also  shown  by  examinations  that  it  is 
possible  to  decrease  the  percentage  of  rejection  at  a 
proper  training.  A  subprogram,  a  simulator,  which  rea¬ 
lizes  this  method  of  training,  is  also  included  into  the 
complex  of  training.  The  program  is  developed  for  si¬ 
mulating  the  process  of  decoding  the  films. 

To  estimate  knowledge  of  those  who  passed  the  course 
of  training  the  subprograms  for  exams  are  included  into 
the  complex.  In  accordance  with  STB  EN  473-95  the  test 
person  should  pass  a  qualification  exam  (general  esti¬ 
mate  should  not  be  less  than  80%),  which  consists  of  a 
general ,  special  and  practical  exam.  Questions  for  each 
exam  are  entered  by  a  teacher.  During  exam  the  program 
selects  their  necessary  amount  randomly  (quantity  of  qu¬ 
estions  is  indicated  by  a  teacher).  Calculation  of  estimates 
is  made  automatically  by  the  program  in  accordance  with 
the  formulae  described  in  STB  EN  483-95. 
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nOfl,rOTOBKA  cnEUfiMAJlMCTOB  HO  nPOECTMPO- 
BAHMtO,  MOHTA>Ky  M  TEXHUMECKOMY  OEC/IV- 
>KMBAHMK>  nJlACTMACCODblX  TPyBOnPOBO- 

AOB.  B.  C.  PoMcPiKO,  B.  E.  ByxiiH  (y‘ie6Hh!Ci  i^eHrp 
HRO  «CTpoi'^nont^Mf!p»,  r.MocKBa,  P0).  B  noane^Hne 
2-3  rofla  Ha  poochhokom  pwHKe  Tpy6HOM  npopyKHHM 
fl/in  cHciew  Bonocna6>KeHHfi,  BOAooTBGpennn  m  otoh- 
Aem-ifi  Bce  oTHerAUBee  nposiBiifitoT  ce6fi  Tpy6onpoBo- 
flbi  H3  no/iMMGpubix  MaiepHanoB.  npoeKTupoua- 
HMB,  CTpOlITGBbCTBa  H  TeXHM'ieCKOro  o6cAy>KHBaHHB 
XaKHX  TpySonpOBOAOEt  HGOSxoflMMbI  TeXHMMeCKH  rpa- 
MOTHbte  cneptianHCTbi,  3HaioiiJ,Me  ocodeniiocTM  nnaoT- 
MaccoBbix  Tpy6onpoBOflOB. 

B  cooTBeTCTBMH  c  peLLienMeM  Konnermi  roccTpoa 
PoccHH  B  yMe6HOM  peHTpe  HFIO  «CTpoiinojiHMep»  cmc- 
leMaTHHecKH  ocymecTB/iBOTCB  noArrjToBKa  cneiiMa- 
BUCTon  no  cjieflyiomHM  HanpasneHMFiM: 

•  npoein'i-iponaHMe  CMCxeM  BOAocHa6)KeHi'iB.  Kana/in- 
aauHM  n  OTon/ieHiin  na  noawMepHbix  MaTepna/ioo; 

»  MOHTax<  CHCTOM  BOAocHa6)KeHnn,  KaHajinsauMK  n 
oTon/ienHB  H3  noBHMepHbix  Maiepna/ioo; 

•  MOHTax  TerntoBbix  ceTefi  c  aaBoflcxoCi  Tepwoi-iaoBfipn- 
en  H3  neiioriojinypeTana  n  rnflpo3aLi.i,nTHbiMM  noKpbi™- 
bmh; 

•  npoeKTMpoBaHMe  ron/ioBbix  cexeti  o  aaRoncxofi  lep- 
mom3oj)9!HHgm  h3  iieHono/iHypoTana  n  rnpposaLpHTHbi- 
MM  noKpbiTnnMn; 

•  TexHojiori/tn,  MaTepna/ibi  m  o6opyAOBaHne  A-nn  bog- 
cTaHOBBeuMB  H  poMOHTa  rioAseMHbix  Tpy6onpoBOAOB 
6e3  paapbiTMB  TpaHLueCi  crioco6aMM  «repMeTO3anMn'>, 
«MeMeHTannfi>',  «Tpy6a  BTpy6y»,  «MyBOK»; 

•  TexiiM'iecKOG  o6cAy>KMBaHHG  n  nporpeccnBHwe  rex- 
Ho/iorwn  peMOHTaTpy6onpoBOAOB  h3  no/inMopubix  wa- 

TepiianoB. 

B  yHo6HOM  neHTpo  npoBOAHTCB  onpeAeaenHan  pa6oTa 
no  coBepujencTBonanMio  HopMarnBHon  6a3bi  (yHacrne 
B  noATOTOBKe  yroMHeHnM  b  cyuiecTByioinnG  CHnPlbi  n 
Crt),  nopa3pa6oTKeMeTOAn'iecKHXMaTepi/taBOB,  npor- 
pawM,  UenTpoM  noAroTonneH  n  usabh  pBAcnpanoMHbix 
MaTepnanon, 

OpranHaoBaiia  cncrciwa  nponaraHAW  nporpoccnBHbfx 
TexHOBornn  n  MaTepiia/ion  nyroM  npoBepeHna  perno- 
nanbHbtx  ceMnnapoB,  HayHHO-npaKTMBocKMX  KOHtpepen- 
AMM,  Anefi  «OTi(pb!Tbix  ABepen»,  nyS/inKapnn  b  nepnoAn- 
HecKofi  nenaiM  h  nsAaeaeMOM  HflO  «C7poPiriojiHMep>' 
xypnane  «Tpy6onpoBOAbi  m  9KO/iorMfi»,  a  xaioxe  Bbicryn- 
AeHMM  B  opoACTBax  MaccoBOH  nHcpopMannii. 

Hanaxceiibi  TBopnecKne  KOHTaKTw  c  oTeHecTEonHbiMn  n 
3apy6e>KHbiiviM  yHe6HbiMM  AOiiTpaMH  ii  Kypcawn  noBbi- 
Bjeiinn  KBa.nn4>HKaii,MM,  btom  mucjig  c  cfinpwoti  «noBn- 
Mep6yA>'.  r.KneD. 

B  yHe6noM  uenTpe  co6paHO  n  x/iaccntJinAMpoBaHo  85 
TOXHMHeoKHX  DHAeo(t)MabMOB  H  oKono  700  KHnr  no  oc- 
HODHbiM  pa3AenaM  npoviaBOACTsa,  MoviTaxca  n  SKcnay- 
aTanMH  rmaoTMaccoBhix  Tpy6onpoBOAOB. 

CMMTaeM  Aenecoo6pa3HbiM  KoopAHHnponaTb  paSoxy, 
npoHOAHMyio  B  paaHbtx  cxpanax,  no  noproxoBKe  yxa- 
aaHHbix  cneuna/iMcxon. 

nATOHOBCKMETPAAMUMUnPOOECCMOHAnMa- 
WIA  B  CMCTEIWE  nPOOECCMOHAJlbHOrO  OBPA- 
30BAHMB  POCCMM.  A.  A.  Rbixt^Kona  (Toe.  riporp.- 
nn/i.  Ko/i.ne/j>K,  r.CaMapa,  P0).  Onupancb  na 
xpaAMAMH  BbicoKoro  npo(t)eccnoHaan3Ma  aaeKxpocBa- 
pOHHOM  LUKO/lbl,  3aB0>KeHHble  MSBGCXHblM  yMeHblM- 
CBapmnKOM  E.  O.  DaxoHOM  cBbiine  luecxn  Aecnrnnexnti 


TRAINING  OF  SPECIALISTS  ON  DESIGNING,  CON¬ 
STRUCTION  AND  MAINTENANCE  OF  POLYMERIC 
PIPELINES.  V.S.Romeiko,  V.E.Bukhin  (Educational 
Center,  NPO  <  Stroypolymer»,  Moscow,  Russia).  The  pi- 
pelinos  of  polymeric  materials  found  a  wide  demand 
during  recently  at  the  Russian  market  of  piping  products 
for  wafer  supply,  drain  and  heating  systems.  To  design, 
construct  and  maintain  these  pipings  the  competent 
specialists  are  required  who  knows  the  peculiarities  of 
polymeric  pipes. 

In  accordance  'with  a  decision  of  collegium  of  Gosstroy 
of  Russia  the  education  and  training  of  specialists  on 
the  follovying  subjects  is  performed  systematically  at 
the  Educational  Center,  NPO,  Stroypolymer: 

•  designing  of  systems  of  water  supply,  sewerage  and 
heating,  manufactured  from  polymeric  materials; 

«  assembly  of  polymeric  systems  of  water  supply,  se¬ 
werage  and  heating; 

.  erection  of  heating  .systems  with  a  factory  thermoin¬ 
sulation  of  foam  polyurethane  and  hydroprotective  co¬ 
atings; 

•  technology,  materials  and  equipment  for  restoration 
and  repair  of  underground  pipelines  without  opening  of 
trenche.s  using  the  «SBaling»,  «cementa1ion'>,  «pipe-to- 
pipe>>,  «stocking»  methods; 

•  technical  maintenance  and  advanced  technologies  of 
repair  of  polymeric  pipelines, 

The  Educational  Center  carries  out  a  definite  work  on 
improvement  of  a  standardizing  base  (  participation  in 
preparation  of  amendments  for  the  existing  documen¬ 
tation),  v/orking  out  methodological  materials,  prog¬ 
rams,  Center  prepared  and  published  several  handbo¬ 
oks. 

A  system  of  propaganda  of  advanced  technologies  and 
materials  was  organized  by  conductance  of  regional 
seminars,  scientific-practical  conferences,  days  of 
"open  doors",  publications  in  a  periodic  press  and  jo¬ 
urnal  "  Pipelines  and  ecology"  issued  by  NPO  "  Stro¬ 
ypolymer",  and  by  ma.ss  media  means. 

Relations  have  been  established  with  domestic  and  fo¬ 
reign  educational  centres  and  courses  of  improving  qu¬ 
alification  including  the  company  “Polymerbud"  in  Kiev, 
Educational  Center  has  collected  and  classified  85  tec¬ 
hnical  videofilms  and  about  700  books  on  main  branc- 
hE>s  of  production,  erection  and  service  of  polymeric 
pipelines. 

We  think  it  rational  to  coordinate  the  work  which  is  car- 
rifad  out  in  different  countries  on  education  and  training 
of  the  mentioned  specialists. 


RATON’S  TRADITIONS  OF  A  PROFESSIONALISM  IN 
THE  SYSTEM  OF  A  PROFESSIONAL  EDUCATION  IN 
RUSSIA.  Pyihikova  A. A.  (State  Professional-Pedago¬ 
gical  College,  Samara,  Russia).  Coming  from  long-es¬ 
tablished  tradition.s  of  high  profe.ssionalism  of  the  Elec¬ 
tric  Welding  School  based  by  E.O.Paton,  the  well-known 
scientist-welder,  more  than  six  decades  ago,  the  staff 
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TOMy  Ha3afl,  Ko;i;ieiaMB  CawapcKoro  rocyAapcTBeHHo- 
ro  npocJjeccMOHa/ibHo-neflarornMecKoro  Kojiiieflxa 
nocTaBMJi  nepeA  coSoii  aaAany  noBbiujeHMB  KanecTBa 
noAroTOBKM  cneuManucTOB  nepea  cosAaHMe  ycjioBuCi, 
cnoco6cTByioLiJiMX  cawopaaBHTMio  m  npoct)eccMOHaBb- 
Howy  caMocoBGpiueHCTBOBaHuro  6yAyLUMx  cneAna/inc- 
TOB. 

Pa3pa6oTaHHaB  m  peaAnaoBaHHan  Ha  6a3e  xoa/ieAxca 
MHoroypoBHeBaa  noAroTOBKa  Maciepa  npoM3BOAc- 
TBSHHoro  o6yHeHMa  npeAycwaTpuBaei  napa;ijieBbHoe 
CMHxpoHM3MpoBaHHoe  o6yMeHMe  TeopMeii  h  npaxTH- 
Kofi,  o6ycjiOB;iMBaioLAee  Bbicoxyra  ycneeaeMOCTb  m 
6oAbmoM  MHiepec  k  yneSe;  Ha/iMHMe  HaysHOM  ujKOAbi 
n  TpaAMAnCi  b  CMcreMe  o6pa30BaHHB;  coBMecTHyio 
TBopMecxyio  m  npaxTnwecxyio  AsaTe/ibHOCTb  npenoAa- 
Bare/ieM  h  CTyAeHTOB;  lUMpoKoe  npMB/ieMeHHe  k  npe- 
noAasaHMK)  AeBTerew  HayKH,  icyAbTypbi,  MCKyccTB;  yc- 
TaHOB/ieHMe  CBB3e£i  MexcAy  yneSHbiMM  aaBeASHHBMH, 
HayHHbiMM  ueHTpaMM,  npoM3BOACTBeHHbiMn  ppeAnpH- 
btubmh;  co3AaHMe  MH4)opMaAHOHHofi  cHCTeMbi  o6pa- 
30BaHHB,  oSecneHMBaioiAePi  Aoctyn  k  HoseMiAePi  Hayw- 
HO-TGXHMMecKoii  M  HayHHO-neAarorMMecKOM  MH(})op- 
MauMM. 

CawapcKHR  rocyAapcTseHHbiii  npo4)eccMOHcLnbHo-ne- 
AarornMecKMM  kpaasaxc,  6AaroAapB  noAAepxxe  axa- 
ASMMKa  B.  E.  riaroHa,  onHpaacb  Ha  pa3pa6oTKM  Mhc- 
THTyra  STieiapocBapKM  mm.  E.  O.  riajoHa,  c  xoTopbiM 
aaioiioHeHO  MHoroacnexTHoe  cor/iaiiieHHe  o  coTpyAHM- 
HecTse  B  MHTepecax  noAroTOBXM  xaAPOB,  nojiyHMA 
AaAbHeCimee  pasBMTMG,  cxas  aghtpom  HenpepbiBHoro 
npoct)eccMOHaAbHoro  oSpasosaHMA  n  SKcnepiiMeH- 
TaAbHOM  HayHHo-neAarorMHecKoii  naoiAapKOM  Mmhmc- 
xepcTBa  oSpaaoBaHMfl  PO. 

naxoHOBCKMe  xpaAMAMM  npo(t)eccMOHaAM3Ma  b  cMcxe- 
Me  npocpeccMOHajibHoro  o6pa30BaHMB  AOKa3a.nM  cboio 
x<M3Hecnoco6Hocxb  m  cxarw  xpaAHAMoHHbiMM  b  kob- 
AeKXHBax  yneSHbix  saseAeMUM  Poccmm. 


of  Samara  State  Professional- Pedagogical  College  put 
forward  the  task  of  improving  the  quality  of  education 
of  specialists  by  the  creation  of  conditions  promoting 
self-education  and  self-perfection  of  future  specialists. 
A  multilevel  education  of  skilled  specialists  of  industrial 
training,  developed  and  realized  on  the  base  of  College 
envisages  a  parallel  synchronous  teaching  a  theory  and 
practice  which  provides  a  high  progress  and  a  great 
interest  to  education;  presence  of  a  scientific  school 
and  traditions  in  the  educational  system;  joint  creative 
and  practical  activity  of  teachers  and  students;  inviting 
of  distinguished  representatives  of  science,  culture  and 
art  for  teaching;  establishing  relations  between  educa¬ 
tional  institutions,  research  centers,  industrial  enterp¬ 
rises;  creation  of  information  system  of  education  which 
gives  access  to  the  newest  research  and  pedagogical 
information. 

Samara  State  Professional-Pedagogical  College, 
thanks  to  support  of  academician  B.E.Paton  and  using 
the  developments  of  the  E.O.Paton  Electric  Welding  In¬ 
stitute,  with  which  a  multiaspect  agreement  about  co¬ 
operation  in  the  interests  of  education  of  specialist  was 
signed,  became  a  center  of  a  permanent  professional 
education  and  experimental  research-pedagogical  gro¬ 
unds  of  Ministry  of  Education  of  Russia, 

Paton's  traditions  of  professionalism  in  the  system  of  a 
professional  education  proved  their  vitality  and  became 
traditional  in  the  educational  institutions  of  Russia. 
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B.  B.  AnaMUHCKHii,  B.  O.  Maxanee,  B.  77.  Me/ibHUKoa.  MOflE/lHPOBAHME 
HAnPF)>KEHHO-/I,ECDOPMMPyEMOrO  COCTOPHUP  HPH  MSYMEHUH 
HyBCTBMTE/lbHOCTM  K  TPEmUHOOBPASOBAHUK)  CBAPHbIX  COE7lHHEHHI?l 

TPyBOnPOBO/lOB  M3  CTABM/1M3MPOBAHHOP1  HEP)KABEIOmEI?l  CTA/IM  . 5 

A.  M.  AnacoB.  yCTPOPiCTBO  fl/ia  OnPETlE/lEHMfl  KOOPflMHAT  flECDEKTOB 

B  CBAPHbIX  COEflMHEHMSIX  HO  CMEHA/IAM  AKyCTMHECKOI?!  3MMCCMM  . 6 

A.  M.  AnacoB.  yCTPOI?ICTBO  fl/lFI  HPMEMA  CMPHA/lOB  AKyCTMHECKOi?l  3MMCCMM  . 6 

H.  H.  BopoHMH,  H.  H.  BopoHVtH,  B.  T.  PaBitoB,  /[,  T.  Btppoc.  PACHETHOE 
OnPEAE/lEHME  PECyPCA  nqiHMKOBOrO  y3/lA  BArOHA,  BOCCTAHOB/IEHHOrO 

HAn/lABKOM  . 6 

A.  A.  reiiaep.  yHMBEPCA/lbHOE  yCTPOMCTBO  3/1EKTPOMArHMTHOrO  KOHTPOilfl 
CBAPHbIX  KOHCTPyKUMM  . 8 

C.  B.  JJeHSHOBeuKHii,  B.  A.  TpoHUKuii,  H.  T.  Ee/ibiH,  A.  B.  /lemmunH, 

C.P.  MuxaH/iOB.  nOBblLJJEHME  HyBCTBMTEJIbHOCTM  PEHTrEHOTE71EBM3MOHHOrO 

KOHTPO;i51  . 9 

a  B.  flMUTpuK.  K  PELUEHMIO  HPOB/lEMbl  yBE/lMHEHM^  PECyPCA  SKCnfiyATAUMM 

CBAPHbIX  COEflMHEHMM  SHEPrETMHECKOrO  OBOPyflOBAHMfl  CBblLUE  200  000  H  . 10 

A.  A.  My6oB,  B.  M.  3arpe6enbHbM,  A.  B.  MoaroBoH,  A.  H.  Py/xaxoB.  T^MArHOCTMKA 
CTA/IbHbIX  KOHCTPyKUMM  METOflOM  MAmMTHOM  HAMflTM  . 11 

A.  H.  Ko3hh,  E.  a.  flaBbiaoB,  B.A.  TpomKnii.  yUbTPABByKOBOM  KOHTPO/lb 
CBAPHbIX  LUBOB  MArMCTPA/IbHbIX  TPyBORPOBOAOB  C  OnPEAEflEHMEM  IMHA, 

MECTA  PACnOAO>KEHMP  M  PA3MEPOB  AE(t)EKTOB  . 12 

B.  KoiuobhH,  3.  HaaapnyK,  €.  KpuiBiH,  I.  PoMaHnujuH,  A.  ryMxo,  B.  Kypm. 

yAbTPA3ByKOBA  KOMn’IOTEPHA  TOMOrPAOm  3BAPHMX  KOHCTPyKlJlll?l  . 13 

77.  M.  JloSaHOB,  B.  A.  fJuBTopax,  11.  B.  Kuaneii,  E.  M.  O/teiiHHK.  HEPA3PyLJJAIOLAm/l 
KOHTPOJlb  KAHECTBA  KOMROBHTHblX  TPyB  METOAOM  3AEKTPOHHOl7l 

LUMPOrPAcDMM  . .14 

77.  M.  /Jo6aHOB,  B.  A.  flHBTopax,  B.  B.  CaBimKnii,  fl,  JH.  KporeHKo,  E.  M.  OjieiiHUK. 
ABTOMATMMECKMM  KOMHblOTEPHblM  AHA/IMB  TOAOrPAcDMHECKMX 
MHTEPOEPEHUMOHHbIX  KAPTMH  ROOCC  OPM  HEPABPyiilAlOLAEM  KOHTPO/IE 

KAHECTBA  MATEPMA/lOB  M  KOHCTPyKUMM  . 14 

77.  M.  /Jo6aHOB,  B.  A.  fluBTopax,  T.  11.  Txanyx,  B.  T.  lOpncHKo,  B.H.UJuujkmh. 
HEPABPyLUAIOLAMfl  KOHTPOTIb  KAHECTBA  a/lEMEHTOB  CBOPKM 
AMCTAHUMOHMPyiOmEM  PEHJETKM  C  MCnOJlbBOBAHMEM  TOAOrPACDHHECKOM 

MHTEPOEPOMETPMM  . 15 

B.  77.  HaH^a,  B.  A.  0nJinnneHKOB,  B.  B.  renuaH,  B.  M.  ribiuiHbiii,  B.  M.  Topon. 
KOMHAEKCHblM  HOAXOA  B  AHAPHOCTHKE  TEXHMHECKOrO  COCTOflHMfl 

TPyBOnPOBOAOB  nPM  Ay3K  CTbIKOBbIX  CBAPHbIX  LUBOB  . . 16 

B,  77.  HaH/^a,  B.  A.  0njiMnneHKOB,  A.  C.  KoBEaceaxo,  O.  0.  floEaHOB, 

B.  A.  HaxeeHKO,  A.  A.  MoaxcyxviH,  B.  M.  ribiiUHbiii.  FlEPCriEKTMBHblE  PA3PABOTKM 
M3C-3AKC  no  MEXAHM3AUMM  M  ABTOMATM3AUMM  HK  CBAPHbIX  COEAMHEHMM 
M  MATEPMAJ10B  . 17 

A.  B.  Heaocexa,  M.  A.  BpeMeaxo.  KOMn/lEKCHE  AlArHOCTyBAHHSI  MAriCTPAObHMX 

TABOnPOBOAlB  . 19 

M.  P.  Hypryxcaa,  T.  B.  Ka^a^a.  OUEHKA  OCTATOHHOrO  PECyPCA  HA  OCHOBE 
nPOrPAMMHOrO  KOIVinnEKCA  nPOmOBMPOBAHMfl  XMByHECTM  CBAPHbIX 
KOHCTPyKUMI?!  (OK  ANWELD)  . 20 

B.  n.  PaflbKO,  B.  A.  TpoMUKMM.  OBHAPyXEHME  M  /10KAAM3AUMP  AEcDEKTOB 

B  CBAPHbIX  liJBAX  MBAEAMPI  M3  HAACTMACC  PPM  nOMOLAM  yAbTPABByKA . . 21 

B.  n.  PaflbKO,  B.  A.  TpomKnH.  y;ibTPA3ByKOBOi7l  KOHTPOAb  KAHECTBA 
COEAMHEHMlTl,  BblHOAHEHHblX  ABTOMATMHECKOM  CTbIKOBOPI  CBAPKOM 
OnmBTIEHMEM  . 22 


B.  A.  TpomKnH.  HEPCnEKTUBbl  HPHMEHEHUFl  KOMnblOTEPM3MPOBAHHblX 

y/lblPABBYKOBblX  AEOEKTOCKOnOB  . . 23 

B.  A.  <PnjmnneHKOB,  B.  J1.  Haii^a,  B.  A.  Tpom^KnH,  B.  M.  ribiujHbiii. 

O  UE/1ECOOBPA3HOCTH  «PEAHHMAI4MM»  B  VKPAMHE  PABOT 

no  3AEKTP0PAAM0rPACt>MHECK0My  KOHIPOPIIO  CBAPHbIX  UJBOB  M  MATEPMAnOB  . 23 

0,  A.  XpoMHBHKO,  B.  A.  flanna,  P.  H.  Ka/iyrnH.  PECyPC  M  AMArHOCTHKA  CBAPHbIX 

COEAHHEHHPi  HAPOnPOBOAOB  . 25 

SI.  LUeBHeHKO,  B.  A.  TpoimKnii,  FI.  B.  0eaopftKa.  OCOBEHHOCTH 
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